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KuiCAOK  and  Gurhwal. — The  granite  of  Dwarra  Hath,  Almors,  and 
Deo  Dhoora — although  surrounded  by  metalliferous  rocks — ^is,  it- 
self^ barren.  The  micaceous,  talcose,  and  chloritic  slates  are  inter- 
laid— by  various  ores  of  copper  (I.)  at  Kurrye  (a.),  Rai  and  Bellar 
{b,)y  Ooron  (c),  Seera  (d.),  Pokree  («,/,  g,  A.),  and  Al  Agur  (i.)  ; 
—and  with  iron-ores  (II.)  at  Sahloo  (a.),  Agur  (J.),  Luttea  Oarh 
(c),  Bunna  {d,),  Shsalgarh,  Ouarcoolee,  iMsghanee,  NtUoa  Kanhj 
Oallh,  Dhoora  Kanhi,  Caputt,  Choocootdj  Bunndj  Puriurburd,  &c.y 
(«.).  The  talcose  and  clay-slates,  at  and  near  their  union,  include 
conformable  beds  charged  with  oopper-ore,  at  Seera  (d,),  and 
Pokree  (g.).  The  clay-slates  of  Pahlee  (/.),  Pahlee  in  Ealee 
Kumaon  (^.),  Mungla  Lekh  (h,),  Tilpoord  and  Sinrnl  Khet  (t.), 
contain  similar  deposits  of  iron-ore ;  and  in  the  same  series  gr^ihite 
is  obtained  at  DoL  Clay-slate  and  calcareo-siliceous  breccia  are 
separated  by  a  band  of  iron-ore  at  Burrulgaon  (t.);  and  the 
same  breccia,  together  with  a  calcareo-siliceous  conglomerate  by 
which  it  is  succeeded,  are  overlaid  by  similar  iron-ore  at  Rampoore 
(t).  At  Khuloa-garh  and  Hurchinolee  {j.)  calcareous  slates  are 
charged,  and  at  Tutyl  (k.)  they  alternate,  with  iron-ore.  In  the 
calciferous  slate  and  siliceous  limestone  of  Dhunpoore  (j.)  the  ores 
of  copper  are  mostly  determined  to  the  joints.  Calcareo-siliceous 
rocks  are  impregnated  with  copper-ore  at  Tarag-ke-tal  {k.)  and 
with  the  ores  of  iron  at  Oqjowlee  {m,),  Kyrolee  and  Patol  (n.). 
The  quartz-rocks  which  prevail  near  the  junction  of  the  Khuma 
with  the  Kosila  (Z.)  are  largely  associated  with  iron -ore ;  and 
liliceo-f  erruginous  conglomerates  appear  at  Jham^  Bejapoore,  Loha 
BhabWf  and  Dechowree.     Limestone  is  overlaid  by  sandstone  at 
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Bhamouree.  Beds  of  pebbles  and  gravel  occur,  far  above  the  reach 
of  neighboaring  streams  near  Dwarra  Hath  and  Nehal-lnridge. 
In  similar,  though  in  thicker,  deposits  on  the  low  grounds,  many 
small  rivers  disappear;  after  considerable  courses  beneath  the 
detritus f  however,  they  reappear  at  the  surfiice.  Siliceous  sand 
and  granitic  gravel  are  slightly  mixed  with  gold  in  the  beds  of  the 
Bamgunga,  the  Aluknunda,  and  the  Pindur.  The  operations  of 
native  miners  in  the  Himalaya  are  in  the  last  degree  rude,  in- 
effiective,  and  costly ;  fire  is  applied  'to  the  rocks  to  aid  the  oper- 
ations of  the  workmen,  and  torches  of  resinous  wood  are  used  to 
light  them  at  their  labours.  Attempts  to  introduoe  systematic 
mining  have  been  made  by  the  Grovernment,  but  without  success. 
The  furnaces,  bellows,  and  other  appliances  of  the  native  iron- 
smelters  are,  beyond  measure,  rude  and  inefficient;  moreover 
their  charcoal — made  of  the  softest  wood — ^is  inadequate  to  pro- 
ducing the  requisite  heat.  Both  the  produce  and  the  refuse  of 
the  furnaces  are  divided  in  recognised  proportions  amongst  the 
Farmer  of  the  revenue,  the  Miner,  the  Smelter,  and  the  Charcoal- 
burner.  The  Government  revenue  from  the  mines  has  varied 
from  about  three  hundred  and  sixty  to  five  hundred  Pounds  a 
year.  Many  of  the  inhabitants  migrate  as  the  seasons  change ; 
and  thus  those  who  cultivate  the  plains  at  one  period  of  the  year, 
work  mines  and  smelt  ores  in  the  hills  at  another.     1 — 63. 

Bengal.  The  gneiss  of  the  Bajmahal  is  succeeded  by  quartz  rocks 
at  Fitcooree  (a.),  and  these  by  siliceous  sandstone  containing  car- 
bonaceous matter  and  nodules  of  iron-ore  at  Jherria,  Masses  of 
conglomerate  and  of  amygdaloidal  trap  overlie  the  sandstone  and  a 
seam  of  coal  crops  out  in  the  same  neighbourhood.  Iron-ore  oc- 
curs both  in  nodules  and  in  the  joints  of  sandstones  near  Taldanga ; 
and  on  the  opposite  side  of  the  Barrukkar  thin  layers  of  similar 
ores  interlie  a  body  of  shale  (&.).  At  Akysi  and  Barrul  Cajoor 
rocks  and  ores  of  much  the  same  characters  are  overlaid  by  a  bed 
of  coal,  which  has  been  opened  in  several  places  (c,  d,  e.).  Both 
at  Jherria  and  Barrul  Cajoor  heaps  of  slag  show  that  iron-ore  was 
formerly  smelted  in  the  neighbourhood.     64 — 8. 

CHILI. 

Chakabcillo.  The  isolated  mountain  of  Chanarcillo  which  rises 
nearly  four  thousand  feet  above  the  Pacific  and  more  than  two 
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ihoiiBuid  higher  than  the  sarroimding  countrj,  consists  of  three 
calcareoua  (a,  e,  0.),  altematixig  with  two  felspaihic,  qoartzosej  and 
homblendic  (&,  cf.),  strata.     They  all  decline  towards  the  south- 
west, bat  at  somewhat  different  angles ;  and  in  various  parts  of 
the  district  they  differ  materially  in  thickness.     Several  beds  in 
each  of  the  strata  are  characterized  by  diversities  of  colour,  com- 
position, and  structure.     All  five  formations  are  traversed — ^but 
without  displacement — ^by  two  narrow  dykes  of  felspar,  horn- 
blende, and  quartz.     The  entire  series  is  intersected  by  many 
lodes  and  hranchea^  of  which  the  greater  number  bear  18^-45^ 
B.  of  N.— W.  of  S.,  others,  however,  range  nearly  at  right-angles 
to  them ;  but  all,  without  exception,  dip  oppositely  to  the  strata. 
The  eartliy  ingredients  of  the  lodes  are  mudi  the  same  as  those  of 
immediately  adjoining  portions  of  the  rocks;  and  their  metallic 
contents  undergo  a  corresponding  change  as  they  pass  from  one 
formation  to  another.    Native  silver  abounds  not  only  in  many 
calcareous  parts  of  most  lodes^  but,  for  conmderable  distances 
beyond  their  walls^  it  is  disseminated  through  (the  Manto  de  Ossa) 
certain  upper  layers  of  the  first  limestone,  and  fills,  or  &ces,  their 
joints.     Several  of  the  ores  of  silver  are  disposed  in  much  the 
same  manner,  yet,  perhaps,  scarcely  to  the  same  extent.     But 
notwithstanding  the  lodes  contain  silver  and  several  of  its  ores  in 
the  three  limestones,  their  riches  and  the  various  ores  they  afford 
are  by  no  means  equally  determined  to  every  part  of  each  stratum. 
Both  the  metallic  minerals  and  the  vein-stones,  however,  maintain 
the  same  endlong  (shoot)  dip  in  every  lode  and  in  all  the  lime- 
stones ;  moreover  the  richest  parts  of  different  lodes  often  occur 
OQ  the  same  meridians,     in  the  first  limestone,  portions  of  the 
Candelaria  lode  afforded  virgin  metal  and  ore  of  various  kinds 
which  yielded  nine  hundred  (Troy)  lbs.  of  silver  per  (Avoir,)  ton ; 
and  in  the  second  limestone  sixteen  hundred  tons  of  ore  from  the 
Colorada  lode  gave  sixty-four  thousand  lbs.  of  metal,  one-eighth 
of  which  was  extracted  by  two  miners  in  a  month,    A  part  of 
Warin^s  lode  was  so  intertwined  with  native  silver  that — too 
tough  for  extraction  with  ordinary  tools,  and  too  porous  to  be 
blasted — it  was  cut  out,  bit  by  bit,  with  chisels.    In  1855-6  the 
various  ores  of  Colorada  yielded — by  smelting — from  0*00279  to 
0K)0d67  and  by  amalgamation  from  0  01172  to  0*01426  their 
weight  of  silver,  a  proportion  much  smaller  than  that  of  earlier 
years.     In  little  more  than  a  quarter  of  a  century  the  produce  of 
Chafiardllo  amounted  to  more  than  six  millions  Sterling,  Between 
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the  sereral  calcareous  strata  (a,  c,  e.)  the  lodes — ^maintainmg  their 
normal  directions  anddips — partake  the  fel^athic,  qnartzose,  and 
hornblendic  characters  of  the  strata  (b,  d.)  which  intervene,  bat 
thej  then  afford  traces  of  blende  and  small  qnanlities  of  iron- 
pyrites  only.  Several  improductive  {cross-)  veins,  which  traverse 
the  district,  differ  materially  from  most,  yet  nearly  coincide  with 
some,  of  the  lodes  in  direction,  and — like  the  lodes  in  general — 
they  dip  oppomtely  to  the  strata,  but  in  some  measure  conform  to 
the  endlong  (shoot)  dip  of  the  ore  ;  their  ingredients — calcareous 
in  some,  but  f  elspathic,  quartzose,  and  hornblendic  in  other,  places 
—closely  resemble  those  of  the  immediately  contiguous  rocks  ; 
and  they  are  divided  lengthwise  by  numerous  joints,  of  which 
the  opposite  faces  are  often  deeply  scored  with  unconformable 
striee.  On  passing  from  the  cellular  limestone  of  the  Manto  de 
Ossa  into  the  compact  rock  beneath,  the  lodes — diverging  from 
their  normal  dip  and  inclining  at  a  much  lower  angle — take  their 
way  for  some  distance  between  the  two,  b^t  ultimately  they  resume 
their  ordinary  inclination.  The  several  interferences  of  lodes  are 
— even  in  the  same  neighbourhood — attended  by  inosculations, 
by  simple  intersections,  and  by  (heaves)  displacements.  Hitherto 
the  Colorada  is  the  only  lode  ascertained  to  cut  a  eross-vein ;  and 
this  through  an  inconsiderable  vertical  range.  In  all  their  inter- 
ferences with  cross-veins,  however,  the  lodes  are  (heaved)  dis- 
placed, longer  or  shorter  distances,  towards  the  left-hand,  and  to 
the  side  of  the  greater  angle  (L. — G.  A.).  Neither  of  the  lodes, 
and  one  only  of  the  cross-veins,  interferes  with  the  levels  of  the 
rocks  in  its  opposite  sides  (walls).  In  the  exceptional  case,  of  the 
flucan  at  San  Francisco  viejo,  the  several  strata  which  form  its 
upper  (hanging-wall)  side  are  many  fathoms  below  their  respec- 
tive counterparts  in  the  lower  (foot-wall) ;  the  lodes  suffering,  at 
the  same  time,  corresponding  displacements.  Evidence  yet  exists 
that  the  surface  of  Cliafiarcillo  was  once  watered ;  and  that  through 
the  valley  of  Copiap6  a  river  formerly  jflowed  to  the  ocean  ;  now, 
however,  a  perpetual  drought  prevails  at  the  former ;  and — even 
when  snow  melts  on  the  Cordillera — pools  only  appear  at  intervals 
in  lower  parts  of  the  latter.  This  disappearance  of  water  has  been 
concurrent  with  the  destruction  of  forests  in  the  neighbourhood. 
The  absence  of  water  in  the  mines  is  as  remarkable  as  it  is  at  the 
surface  of  Ghafiarcillo;  for  mines  have  been  opened  to,  and 
wrought  at,  a  depth  of  more  than  two  hundred  and  sixty  fathoms 
without  the  aid  of  pumping-machinery,  or,  in  fiict,  without  tiie 
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appearanoe  of  water.  But  if  this  absolate  drought  be  benefidal 
in  some,  it  is  at  least  as  prejudicial. ia  other,  respects;  as  it  de- 
prives the  miner  of  cheap  means  for  extracting  his  ores  and 
separating  tliem  from  the  rein-stones.  The  ignorance  and  preju- 
dice of  the  native  mine-owner  prohibits  use  of  the  wheel-barrow, 
the  windlass,  and  the  (kibble)  bucket,  all  ore  and  rubbish  are 
taken  within  the  reach  of  horse-power,  or  to  the  surface,  oa  the 
badcs  of  labourers.  Owing  to  these  exceptional  circumstances, 
and  to  ^e  enormous  cost  of  food  and  drink,  much  ore,  which 
•  night  have  been  wrought  to  advantage,  now  remains  unbroken 
in  the  mine,  and  undressed  at  the  surface.  All  necessaries  of  life, 
both  for  the  people  and  for  the  animals  they  emploj,  are  brought, 
on  beasts  of  burthen,  from  considerable  distances ;  of  the  water, 
indeed,  small  quantities  only  are  drinkable ;  the  rest  —  like 
that  in  the  river  of  Copiap6^containing  salts  of  soda  in  large 
proportions.  The  only  water  used  in  locomotive  boilers  on  the 
Gopiapo  railway  is,  in  fiust,  obtained  by  distillation  of  sea-water  at 
Galdera  and  of  river-water  at  Piedra  Colgada ;  any  surplus  being 
sold  for  hoosehold  purposes.  In  course  of  thirty-four  years  more 
than  two  million  (Troy)  lbs.  of  silver  were  obtained  in  this  de- 
partment of  the  Chilian  Republic.     69 — 158. 

Copiaf6.  At  QfUbrada  Seca  foliated  rocks  of  hornblende,  quartz, 
calcareous-spar,  and  felspar,  more  or  less  mixed  with  several  other 
minerals,  are  firequently  interlaid,  although  they  are  sometimes 
also  intersected,  by  bodies. of  quartzose,  calcareous,  and  felspathic 

vein-slone  unequally  charged  with  earthy  brown  iron-ore,  as  well 
as  with  native  copper  and  various  varieties  of  copper-oie  in  smaller 
proportions.  Trifling  quantities  of  water,  in  the  deepest  works 
are  rich  in  salts  of  soda.  At  San  Jose  rocks  of  much  the  same 
character  as  those  of  Quebrada  Seca  are  traversed  by  two  series 
of  joints  at  the  interferences  of  which  masses  of  quartzose,  fel- 
(^thic,  and  homblendic  vein-stones  are  largely  impregnated 
with  earthy  brown  iron-ore  and  thinly  sprinkled  with  various 
ores  of  copper.  Nearly  horizontal  beds  of  recent  sandstone — 
pierced  at  intervals  by  homblendic  crags  —  extend  from  the 
neighbourhood  of  Baronquilla  to  the  valley  of  Copiap6.  Great 
numbers  of  irregular  joints  traverse  the  rock  in  every  part  of 
its  range;  and  on  either  side  of  these  it  rises  slightly  above 
the  general  level.  At  some  three  hundred  feet  above  the  sea, 
certain  beds  of  this  sandstone  contain  quantities  of  ill-preserved 
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and  broken  ahella.  At  an  elevation  of,  perhaps,  one  hiindred  and 
eighty  feet,  a  railwaj-cuttbg  near  Galdera  lays  open  suocenive 
layers  consisting  either  of  gravel,  shingle,  and  fingments  of  rock 
bored  by  marine  animals,  or  of  shells  of  existing  spedes  in  sach 
abundance  that  they  are  exported  for  the  sake  of  the  lime  con- 
tained in  them.  Notwithstanding  the  surface  of  San  Josi  is 
covered  with  sand  impregnated  with  the  salts  of  soda  a  shaft  of 
five  fathoms  in  depth  afiEords  copious  streams  of  fresh  water.  At 
el  Bramador  near  Ck>piap6  loud  noises  are  sometimes  heard  when 
large  quantities  of  sand  are  drifting  before  heavy  gales.  During 
the  writer's  sojourn  in  Chili,  more  than  three  days  seldom  passed 
without  an  earthquake.     154 — 167. 

BBAZIL. 

MiKAS  Geraes.  The  richest  part  of  this  productive  Province, — 
sitoate  between  Gongonhas  do  Gampo  on  the  south,  Candonga  on 
the  north,  tributaries  of  the  River  Doce  on  the  east,  and  the  Rio 
das  Velhas  on  ,the  west, — ^is  about  one  hundred  miles  in  length 
and  from  fifty  to  seventy  in  width.  That  portion  of  it  which 
consists  of  undulating  table-land  and  rounded  hills,  some  two  ot 
three  thousand  feet  above  the  sea,  is  covered  with  coarae  grass 
(Capim  gordura) ;  the  rest,  which  rises  into  serrated  ridges  and 
isolated  peaks  ^y^  or  six  thousand  feet  high,  is,  in  many  places, 
still  clothed  with  virgin  forests.  The  auriferous  series  is  made  up 
of  granite  and  gneiss,  overlaid  by  micaceous  and  talcose  slates, 
which  are  sometimes  interlaid  by  quartz-rocks  mixed  with  mica 
and  talc.  The  micaceous  and  talcose  slates  are  succeeded  by  clay- 
slate,  which  passes,  at  times,  into  chlorite  slate,  and  often  includes 
large  masses  of  quartz.  The  clay-slate  is  followed,  sometimes 
by  an  inconsiderable  deposit  of  granular  quartz  and  calcareous 
matter,  but  far  more  frequently  by  thin  bands  of  specular  and 
oxydulated  iron,  which  commonly  alternate  with  granular  quartz 
.  (ItabiriU),  and  are,  at  intervals,  mixed  with  the  ores  of  manga- 
nese, as  well  as  with  talc  and  mica  (Jacotinga),  In  some  cases, 
however,  the  day-slate  is  not  easily  identified ;  and,  at  times,  the 
(ItahirxU  and  Jacotinga)  ferruginous,  quartzose,  and  manganesio 
rocks  are  imbedded  in  the  micaceo-talcose  slates.  Homblendic 
rocks  and  siliceo-magneslan  limestone  occur  amongst  upper,  schist- 
ose, parts  of  the  system.  The  granite  of  Candonga  contains 
gold  alloyed  with  palladium ;  but  that  of  the  Gara9a  and  of  CaSih6 
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is  bftrRn.  The  quaitzofle  talco-micaoeoQB  slate  ie  often  interlaid, 
— md  occaaonallj  intersected — ^by  bodies  of  quartz ;  these — at 
ScttUa  RUa  (a.),  Boesa  Ghande  {b.\  Cstta  Branca  (c),  Paeiencia 
{d.)j  and  Coelho  (€.),  are  of  widely  different  dimensions,  and 
contain  unequal  proportions  of  gold,  beside  smaller  quantities  of 
inm-pjrites  and  the  ores  of  antimony,  bismuth,  and  tellurium, 
Qoaitz-roclis  of  granular  structure  are,  at  Catta  Preta(f), 
tiBTersed  by  Tein-like  masses  of  crystalline  quartz,  which  mostly 
coiifomi  to  two  series  of  joints,  but  frequently  ramify,  and  some- 
times  encloee  (horses)  bodies  of  granular  quartz.  The  crystalline 
portions  are  trayersed  in  all  directions  by  short  joints,  which  are 
often  lined  with  earthy  red  iron-ore  sprinkled  with  granulee  of 
gold.  The  clay-slate  contains  many  auriferous  beds ;  which — 
conforming  to  its  cleaTage—  consist  at  Tijnco  (a.)  of  spheroidal 
and  angular  bodies  of  brownish  quartz,  and  at  Ouro  Fino  (c.) 
of  globular  masses  of  iron-pyrites  and  of  slate,  enveloped  in 
quartzose  slate  and  colourless  quartz.  At  Oango  Soco  (Catnara) 
short  interlying  beds  of  quarts  and  earthy  brown  iron-ore  either 
dwindle  and  disappear  in  the  rook,  or  terminate  at  its  joints  (6.). 
At  Mcrro  Velho  (d.)  the  metalliferous  deposit — coinciding  some- 
times wi^  the  cleaTQge,  frequently  with  the  joints  of  the  rocks, 
bat  often  oblique  to  both — assumes  the  character  of  a  bed  in 
some,  but  of  a  lode  in  other,  places  ;  both  its  course  and  its 
dimenaiona  are  therefore  irregular ;  it  consists  in  great  measure 
of  quartz,  mixed,  however,  with  great  quantities  of  iron-pyrites, 
and  with  arsenical  pyrites,  yellow  copper-ore,  and  other  minerals 
in  smaller  proportions;  these  ingredients  embed  consideiable 
quantities  of  slate,  mostly  microscopic,  but  occasionally  in  bodies 
of  large  size ;  their  structure  is  generally,  but  not  always,  coinci- 
dent with  that  of  the  neighbouring  (Country)  rock,  which  also 
they  commonly  resemble  in  composition ;  yet  many  of  them  are 
mixed  and  transfused  with  siliceous  and  pyritic  matter  ;  a  thin, 
highly-inclined  slice  of  slate  (tongue  of  hillae)  separates  the 
principal  fisrmation  from  the  North  branch  ;  a  somewhat  similar 
one  beneath  it,  in  both  the  {shoot)  endlong  dip  of  the  several 
ores  coincide  with  flexures  of  the  adjoining  strata ;  between  the 
slate  (CouTitry)  and  the  vein-stone  there  is  not  uncommonly  a 
gradual  transition;  but  beds,  and  even  laminae  of  the  former 
sometimes  protrude  from  the  sides  (walls),  and  either  partially, 
or  entirely,  sever  the  latter;  all  these  vein-stones — as  well  as  the 


X.  GOIVTENTB. 

rocks  which  bound  them — are  more  or  lem  amiferoiu,  but  the 
pjrritic  portions  are  bj  far  the  richest ;  even  in  them,  however, 
an  admisture  of  other  minerals  would  seem  necessaij  to  their 
productiveness ;  moreover,  at  various  depths  vein-stones  of  dilBer^ 
ent  hardneoB,  afford  gold,  in  unequal  proportions  and  disdmilarly 
alloyed ;  silver,  however,  is  always  the  principal  alloy.  Length- 
ened experience  dictated  improved  modes  of  treating  the  ores ; 
even  from  1855  to  1861  the  proportion  of  gold  extracUd  increased 
from  one-half  to  two-thirds  of  the  actual  (assayed)  contend,  and 
at  the  same  time  the  cost  of  extraction  was  more  than  proportion- 
ally diminished.  From  1834  to  1862  the  produce  of  Mmro  Velho 
realized  £2,229,487  and  afforded  a  Net  Profit  of  £661,787.  At 
Ouro  Preto  ( Villa  Rioa)  particles  of  gold  are  thinly  sprinkled 
through  homogeneous,  soft,  blue,  clay-slate.  Quartzoae  micaceo- 
talcose  slate,  which  afEords  mere  traces  of  gold,  succeeds  tiie  day- 
lOate  at  Ouro  Preto  and  Chngo  Soco,  A  thin  bed  of  calcareo- 
siliceouB  matter,  flecked  with  micaceous  iron-ore  and  with  talc, 
contains  small  quantities  of  gold  at  Gocaiis  (p  1.)  and  Chngo 
Soco  (r  2.).  The  ItMrite  (iron-mica  slate)  and  Jacotinga  con- 
form to  the  micaceo-taloose  slate  which  they  overlie,  and  maintain 
— at  the  same  time— -a  certain  coincidence  with  the  contour  of  the 
sur&ce ;  the  selfaame  beds,  therefore,  take  different  directions  and 
dips  in  various  parts  of  their  range, — at  Antonio  Pereira  (a.), 
Santa  Anna  and  Itahira  (6,  c,  d,  e.),  Monlevade  (/.),  Boa  VistOf 
Pitangui,  Morro  das  Almas,  Agoa  Quente,  PiraccUu  Pissaroof 
Fazendady  Durao,  and  south  of  the  Peri9ioaba  (^,  hf  t,y,  ib,  /,  m.), 
the  Corrego  de  Sao  Miguel  (o.),  Cocdes,  the  Venda  do  Morro,  and 
Oongo  Soco  (p,  q,  r,).  The  Itahirite  comdsts  in  great  measure 
of  granular  quarts  and  sundiy  iron-ores ;  these — with  smaller 
quantities  of  other  substances— frequentiy  occur,  either  mixed  or 
in  alternate  beds,  but  ^especially  in  central  parts  of  the  formation 
— granular,  scaly,  or  crystalline  iron-glance  prevails ;  schistose 
structure  is  usually  more  pronounced  amongst  the  alternations  of 
iron-ore  and  quartz  than  where  the  ingredients  are  more  exclu- 
sively ferruginous,  but  even  in  these  it  exercises  a  marked  in- 
fluence on  the  productive  character  of  the  neighbourhood.  The 
Jacotinga — partaking  the  nature  of  the  adjoining  (Itahirite) 
rocks — consists  in  great  measure  of  iron-glance,  earthy  black  and 
brown  iron-ore,  manganese,  and  talc ;  and — somewhat  resembling 
them  in  structure— is  slightly  lamellar.    .  The  principal  members 
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of  the  series,  however,  are  certain  conformable  beds  wliich  open 
at  intervals  to  width  of  some  inches  and  for  several  feet,  or  even 
fathoms,  in  length  and  depth ;  of  these  enlargements  the  central 
portions  contain  rongh  nuggets^  flakes,  and  granules,  sometimes 
isolated,  but  often  united  by  intertwining  threads  of  gold  ;  to- 
wards the  edges  and  sides  of  the  hunches  grains  and  particles 
become  more  and  more  thinly  sprinkled  and  the  vein-stones  at 
length  mei^e  in  the  ordinary  Jacotinga ;  sometimes  several  such 
short,  productive  beds  occur  on  identical  parallels  in  the  same 
formation ;  in  all  cases,  however,  the  richest  portions  are  the  most 
highly  inclined ;  the  productive  and  the  barren  (Shoots)  bodies 
of  vein -stone  coincide  in  position  both  with  the — oppositely  undu- 
lated or  rippled — ^planes  of  cleavage  in  confronting  portions  of  the 
(hanging  and  foot  walls)  upper  and  lower  sides  (c,  d,/^  g^  A,  t,  j, 
/,  o,  p,  q.  ),  and  with  the  several — kindly  and  uncongenial — strata 
where  they  interlie  the  joints  (h.  r.),  of  the  (Country)  Itabirite, 
and  at  the  same  time,  they  all  dip  (endlong)  from  the  nearest 
bodies  of  granite.  At  Gongo  Soco  a  (horse)  mass  of  Itahirite  is 
both  embedded  in  and  penetrate  by  veins  of  auriferous  Jacotinga, 
The  gold  of  this  formation  is  alloyed  with  silver  at  Agoa  Qutente^ 
— ^with  copper  at  Durao, — with  palladium  at  Santa  Anna  and 
Itahira ;  all  these  substances,  however,  are  alloyed  with  the  gold 
of  Oongo  Soco  which  is  associated  with  less  silver,  but  with  more 
palladium  and  copper,  in  deep  than  in  shallow  parts  of  the  mine, 
and  contains  platina  near  the  surface  only.  Short,  thin  cross- 
veins  of  quartz  slightly  displace  some  of  the  beds,  but  they  soon 
merge  in  quartJEose  portions  of  the  Itahirite,  A  broad  band  con- 
sisting of  micaceous  iron  embedding  crystals  of  oxydulated  ore 
in  some  (m.),  but  of  ( Carvoeira)  siliceous  sand,  earthy  talc, 
manganese,  and  earthy  brown  iron-ore  enclosing  isolated  masses 
of  quartz  in  other  (n.),  parts  of  its  range,  has  afforded  gold  at 
Catta  Preia,  The  Canga — a  breccia  in  certain,  but  a  con- 
glomerate in  different,  places,  consists,  in  great  measure,  of  various 
iron-ores,  now  and  then  including  fragments  of  quartz  and  of  slate 
(d,  /,  p,  r.) ;  at  intervals  it  contains  crystalline  granules  of  gold 
(rf,  /.),  and  in  one  spot,  at  least,  it  yielded  auriferous  native  copper 
(/.).  Iron-ores  from  the  Itahirite  and  Jacotinga  are  largely  smelt- 
ed in  many  parts  of  the  district  (a,  e,  /,  /,  o,  9,  r.).  Joints  in  the 
Itahirite  of  Oongo  Soco  emitted  a  sufficiency  of  jmro  air  for  the 
ventilation  of  a  long  drift  (r-3,  1.)-     Tlie  slaves  of  the  Imperial 
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^.treated,  -clothed,  and  -fed  ; 

^^^  ^^  gardens,  cleAn  houses,  and 

g^'^^'ig^has^  was  established  for  them, 

fi^"^^^^  *  ^M  ^  ^^^  *^^  write.     The  duration 

^^f^^^'^^^^d^^^^  ^^^^®  ^^^  *^®  periods  and 

•^t^j^^      peroo'^^  in  the  mines  of  Cornwall  and 

jp**"'*^  to  y^^^ted  by  t^®  Assodation  at  Gongo  Soco 

/!^  <r<  t^or^g  expenses  amounted  to  £884,987, 

pf^  £i,4^^*iof  BnzJl  exacted  £833,180  as  Prorincial 

/***     Go^^^  (The  Itahirite  is  succeeded  by  talcose  rocks^ 

*^ittP^^"^*  structure,  which  enclose — bodies  of  siUceo- 

^^  (7/* 'f'''^   jje^— ghort,   thin,    and   generaUy-conformable, 

lai^  ^^  or  !«*•  granular — quartz  largely  charged  with 

^  (4-^^^  i/on-ore, — and  broad  bands  of  felspathic  matter. 

^y  ^'^''j^nestone  of  Oongo  Soco  (a.)  is  burnt  for  use,  but 

rr}ie  b*^  psrei'ra  (/.)  the  rock  is  too  siliceons  for  the  lime- 

^  jni^"'    ^^  slightly  auriferous  for   the  miner.      The  beds 

feurfl^'   jnous  quartz  at  Deacoberta  (6.),  Oattas  Altas  (c),  Fraga 

^^  ^^^keso^^^^^^  ^^'^*  *^^  ^wionio  Pereira  (/.),  are  seldom  or 

(d'h      .^  destitute  of  gold,  and  portions  of  them  all  have  been 

fl**^'^?.  0  advantage;    frequency  also  the  surrounding  rocks 

'"^reductive    for  considerable  distances.      The  gold  of  this 

^'    ia  usually  of  great  purity ;  but  at  Descoberta  it  is  alloyed 

^.  ,  tellurium.     Crystals  of  topaz  occur, — now  and  then,  in  fer- 

iimiouB  talc-slate  near  Cattas  Altas  (c.)  ;  and — mixed  on  rare 

/occasions  with  euclase — in  unexampled  abundance  amongst  the 

felspathic  and  talcose  rocks  of  Capao  and  Boa  Vista  (g.).     The 

DBTBiTAL  Deposits  of  Minas  Geraes  are  of  different  periods  ;  and 

the  gold  contained  in  each  of  them  may  be  traced  to  its  parent 

formation.     The  older,  coarser,  and  heavier  detritus  (CascalhoJ 

to  the  disruption  and  transport  of  which  existing  streams  are 

inadequate — sometimes  occurs  above  their  present  range.  The 
greater  amount  of  rain  in  wooded,  than  in  imwooded,  regions, 
and  between  streams  and  forests  at  their  sources,  were  recognised 
in  the  earliest  Mining  Laws  of  Brazil.  In  spite  of  strict  enact- 
ments, however,  the  auriferous  districts  of  Minas  Geraes  are  gradu- 
ally denuded.  Between  Cattas  Altas  and  Brumado,  from  Caeth^ 
Cuiabd,  and  in  many  other  places,  now  destitute  alike  of  wood 
and  water,  the  roots  of  (Arvores  de  lei)  forest  trees  and  the 
remains  of  (Regos)  water- courses  may  yet  be  traced.     In  wet 
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senaoiiB  quantities  of  debris  are  still  dislodged  by  streams  in- 
Bafficient  to  cover  them  after  the  rains  hare  ceased.     The  sandj 
and  earthy  portions  of  such  matter,  together  with  the  refuse  from 
mining-works,  continually  find  their  way  into  the  rivers;  whence 
— ^for  sake  of  the  gold  contained  in  them — they  are  gleaned  and 
washed  by  ( Feiscctdores )  poor  freemen  and  slaves  between  seed- 
time and    harvest.      Many  of  these  muddy  streams,  however, 
abound  with  fish  of  various  species.      Gold  was  obtained  from 
Minas  Geraes  in  1599 ;  but,  until  1695,  it  had  not  been  discovered 
ta  nfv.    As  early  as  1618,  however,  laws  were  promulgated  which 
regulated  the  disposal  of  mineral  lands,  but  reserved  to  the  Crown 
a  proportion  of  their  produce.     During  several  years  this  Koyalty 
was  nominally  twen^  per  cent. ;  but  at  different  times  various 
stipulated  weights  of  gold,  and  divers  rates  of  capitation-tax  on 
miners,  were  substituted.     During  a  considerable  period  the  im- 
post OQ  native-miners  was  at  a  much  lower  rate  than  on  foreigners; 
but  at  length  all  Provincial  Duties  were  abolished.     For  a  great 
while  the  amount  of  Royalty  paid  by  native  miners  exceeded 
(one  hundred  arrobas)  8,935  (Troy)  lbs.  a  year;  but  before  the 
abolition  it  had  dwindled  to  (two  an^obaa)  78*7  lbs.  only.     The 
entire  produce  of  the  Province  from  1700  to  1860  is  estimated 
to  have  exceeded  one  million  five  hundred  and  seventy-five  thou- 
sand (Troy)  lbs.     For  a  long  time  neither  a  goldsmith  nor  a 
stranger  was  allowed  to  remain  there ;  and,  indeed  the  same  pro- 
hibition extended  even  to  native  Portuguese — ^as  well  clergy  as 
laity — ^unless  they  were  appointed  to  ofiice  by  the  Crown.     In 
order  to  ensure  the  payment  of  Royalty,  it  was  declared  ille^l 
to  remove  gold  which  had  not  been  converted  into  bars  at  the 
(Casa  de  Fundiccto)  mint;  and  even  then  the  licence  of  a  Govern- 
ment ofiScer  was  necessary  to  protect  it  from  forfeiture.     This 
(Quia)  certificate,  that  all  legal  imposts  had  been  duly  paid,  was 
required  tmtil  the  ultimate  abolition  of  Provincial  Duties.    168- 
370. 

NORTH  AMERICA. 

ViRGiKiA.  The  metalliferous  series  wrought  in  Orange,  Six)tsylvania, 
and  Buckingham  comprehends  talcoae,  micaceous,  chloritic,  and 
clay  slate  ;  interlaid  by  quartzose  beds,  of  variable,  but  at  times 
of  considerable,  width;  which — bearing  some  15''-45*'E.  of  N.- 
W.  of  S,,  and  dipping  most  frequently,  though  not  invariably, 
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towards  the  left-hand^  by  a  joint  which  crosseB  it  about  right- 
angles  (L. — R.A.).  Masses  of  native  copper  are  imbedded  in  the 
drift,  which  covers  great  part  of  the  country.  A  Man-engine 
has  been  already  set  up  at  the  Cliff  mine  (t.).  The  ice  which 
accumulates,  in  some  of  the  works,  during  winter,  frequently 
remains  unthawed  until  the  following  autumn  {e,  i) ;  ia  order  to 
avoid  interruption  in  the  shafts,  and  to  preserve  the  water  in  the 
pumps  from  freezing,  air— artificially  heated — is  sometimes  con- 
ducted downward  from  the  surface  (t.).  The  engines,  however, 
are  more  cheaply  worked  by  coal  brought  a  distance  of  seven 
hundred  miles,  than  by  wood  grown  on  the  spot  (t.).  Very  large 
profits  have  been  realized  in  the  Cliff ,  the  Min^sota,  and  several 
other  mines ;  but,  on  the  whole  the  produce  of  this  region  hsis 
not  yet  repaid  the  enormous  capital  expended  in  it  (c  ).  In  both 
Keweenaw  (a.)  and  Ontonagon  (i.)  extensive  ranges  of  prehistoric 
copper-mines  have  been  discovered ;  and  many  implements,  some 
weapons,  and  several  ornaments  have,  from  time  to  time,  been 
found  (a.).    885—489. 

New  Brunswick.  The  granite  which,  for  some  distance,  forms  both 
banks  of  the  Big,  Middle,  and  Little  (Nepisiguit)  rivers  in  the 
county  of  Gloucester  (I.),  is  intersected  by  a  dyke  of  felspathic 
porphyry  at  Glendinning's  island,  and  by  veins  of  quartzose 
granite  near  the  falls  of  the  Pabineau  and  at  the  Middle  river. 
The  slate  series  (II.)  comprehends  many  beds  of  felspathic  and 
hornblendic  rocks,  both  of  compact  and  of  schistose  structure ;  it 
consists,  however,  to  a  much  greater  extent  of  clay,  and  of  chlo- 
ritic,  slates ;  In  different  parts  of  the  Middle  river,  also,  felspathic 
and  hornblendic  slates  overlie,  alternate  with,  or  are  penetrated 
by  veins  of,  granite  (a.).  From  some  distance  below  the  falls  of 
the  Tattagouche  (d. )  to  Daly's  eastward  (c.)  on  the  same  river, 
homogeneous  clay-slate  prevails.  At  the  Long  meadow,  and  from 
the  Middle  landing  to  the  Red  brook  (6.)  on  the  Big  river,  and  at 
the  fall  of  the  Tattagouche  {d,)  chlorite  abounds.  Near  the 
Narrows  (t.)  from  the  Middle  landing  to  the  Portage  brook  (j\  k.), 
and  at  the  Grand  fall  (m,  n.)  of  the  Big  river,  and  from  ten  to 
twelve  miles  up  the  Middle  river  (A  },  the  slates  are  more  or  less 
quartzose.  Near  the  Chain  of  rocks  (Z.),  and  on  the  edge  of  the 
Grand  fall  of  the  Big  river  (/?»,  n.),  at  the  falls  of  the  Little  river 
(^.),  at  the  fall  of  the  Tattagouche  {d.)^  at  Armstrong's  brook 
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and  Clarke's  camp  (/.),  felspathic  and  hornblendio  rocks  interlie 
the  slates.     Earthy  brown  iron-ore  occtirs  at  the  Red  brook  (6.), 
the  Narrows  (t.),  and  at  the  Middle  landing  (j,),  on  the  Big  river. 
Iron-pyrites  is  obtained  below  the  fall  («.),  and  at  Daly's  (c)  on 
the  Tattagoucbe,  at  Clarke's  camp  and  at  Armstrong's  brook  (/.), 
near  the  falls  of  the  Little  river  (^.),  and  at  the  Narrows  (t.), 
between  the  Middle  landing  and  Portage  brook  {k.)  on  the  Big 
river.     Copper-pyrites  has  been  observed  at  (d.)  and  below  («.) 
the  &lls  of  the  Tattagouche  as  well  as  at  Daly's  (c.)  towards  the 
east,  near  Clarke's  camp  and  at  Armstrong's  brook  (/.),  and  at 
the  Grand  fall  of  the  Big  river  (».).     Crystals  of  copper-glance 
are  thinly  sprinkled  at  the  ^11  of  the  Tattagouche  (d.).     Galena 
accompanies  calcareous-spar  at  Armstrong's  brook  (/.).     The 
oxide  of  manganese  is  scattered  through  masses  and  veins  of 
quartz  at  the  Tattagouche  &11  (d.).     Crinoidea  have  been  dis- 
covered in  the  same  locality  (d.).    A  conglomerate  (III.)  of 
quartzose  and  slaty  pebbles  rests,  in  nearly  horizontal  beds,  on  the 
granite  from  the  Red  brook  up  the  Big  river  (c),  and  a  similar 
lock  which  overlies  the  slate  at  the  Long  meadow  (IL  b.)  is  suc- 
ceeded by  siliceous  sandstone  {b.).    At  Blackstock's  mill  on  the 
Tattagouche  a  conglomerate  of  slate  and  quartz  rests  uncon- 
formably  on  schistose  rocks  (a.).     Near  the  road  from  Bathurst 
to  Miramichi  the  left  bank  of  the  Big  river  consists  of  siliceo- 
micaceous  sandstone,  quartzose  conglomerate,  and  argillaceous 
shale  (df  e,  /.)  ;  but  on  opposite  sides  of  a  joint,  in  one  locality, 
the  strata  are  differently  disposed.     The  remains  of  plants,  and 
lignite  interlaid  and  veined  with  vitreous  copper,  abound  in  the 
shale;    which   contains  also  nodules  of  copper-pyrites  and  of 
vitreous  copper,  sometimes  separately  aggregated,  but  more  fre- 
quently an  envelope  of  one  ore  surrounds  a  kernel  of  Ihe  other. 
Both  the  lignite  and  the  masses  of  ore  are  encrusted  with  the 
carbonates  of  copper.     At  Parrot's  brook,  east  of  Bathurst,  an 
erect  fossil  trunk  rooted  in  sliale  is  encompassed  with  ferruginous 
sandstone  alternating  with  carbonaceous  shales  rich  in  vegetable 
remains  (/).     490—610. 

JAMAICA. 

In  a  low  hill  of  homblendic  granite  on  the  eastern  confines  of 
Saint  Thomas  in  the  Yale,  a  portion  of  the  rock,  which  in 
direction  coincides  with  the  joints  of  one  series,  and  preserves  a 


XVIU.  C50NTENT8. 

general  width  of  four  or  five  fftthomB,  is  nneqnallj  sprinkled 
with  small  rough  spheroids  and  other  shapeless  masses  of  copper- 
pyrites,  earthy  black  copper-ore,  specular  iron,  and  earthy  brown 
iron-ore,  frequently  invested  with  malachite ;  for  the  most  part 
they  are  isolated,  but  in  some  cases  microscopic  threads  of  copper- 
pyrites  unite  them  (a»)»  A  similar  (?  the  same)  body  of  horn- 
blendic  granite,  charged  in  like  manner  with  ore  of  copper  and 
iron,  is  traced  for  some  distance  in  the  adjoining  greenstone  (6.). 
511—512, 

SPAIN. 

At  Huidobro  in  Old  Castile  concretions  of  the  blue  carbonate  of 
copper  occur  at  irregular  distances  in  a  stratum  of  buff-coloured 
siliceous  sandstone  fa.);  which  is  separated  by  a  barren  bed  of 
tenaceous  clay  (6.)  from  a  great  thickness  of  quartzose  sandstone 
(c).  Of  this  body  the  productive  part  may  average  twenty-five, 
but  it  seldom  exceeds  forty,  feet  in  thickness.  Earthy  brown 
iron-ore  is  sometimes  abundant,  crystals  of  the  sulphate  of 
barytes  are  grouped  in  some  of  the  beds,  and  lignite  abounds  in 
some  of  the  lower  layers  ;  isolated  bodies  of  iron-pyrites,  copper- 
pyrites,  earthy  black  copper-ore,  and  vitreous  copper  are  not 
uncommon,  whilst  the  blue  carbonate  of  copper  is  a  frequent 
constituent  and  malachite  is  yet  more  plentiful.  Near  several 
horizontal  joints  the  sandstone,  is  both  more  ferruginous  and  more 
richly  charged  with  copper-ore  than  elsewhere.  Some  of  the 
mines  have  afEorded  notable  quantities  of  petroleum  («.)  In 
great  part  of  the  neighbouring  district  greyish-white  limestones 
overlie  the  sandstone  (e?.). 

At  Eardiaton  in  Shropshire  the  New  Red  Sandstones  consist  in  great 
measure  of  granular  quarts,  mixed,  at  intervals,  with  ferruginous  clay.  A 
portion  of  the  mass,  which  varies  from  a  few  inches  to  several  feet  in  width, 
—and  is  sometimes  bounded  by  (smooth  walls)  joints,  but  occasionally  shades 
into  the  adjoining  (Country)  rock, — contains  much  earthy  brown  iron-ore 
in  some,  and  is,  more  or  less,  charged  with  the  green  carbonate  of  copper  in 
other,  parts  of  its  range;  grains  of  grey  copper  now  and  then  present  them- 
selves, and  thin  incrustations  of  malachite  line  many  of  the  (vugha)  cavities. 
The  cupriferous  deposit  is  intersected,  but  without  displacement,  by  a  eraaa- 
vein  of  clay.     613 — 516. 

FRANCE. 

The  ancient  mine  of  Chalanches,  near  Bourg  d*Oisans,  is  wrought 
in  granitic  gneiss,  on  several  widely  divergent  lodes,  of  comparn- 
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tirelj  lowinclination;  their  ingredients  reeemble,  in  some  meaemre, 
although  they  are  not  identical  with,  those  of  the  adjoining  rocks, 
and  are  mixed  with  many  metallic  minerals ;  amongst  which  native 
silver,  and  the  ores  of  silver,  of  cobalt,  of  nickel,  of  copper,  and 
of  iron  occur  most  frequently.  A  cross-vein  which  difEers  irom 
the  lodes  less  than  some  differ  from  others  of  them  in  direction, 
but  is  of  higher  inclination  than  theirs — ^intersects  and  (heaves) 
dxBplaces  one  of  the  lodes.  The  works  were  carried  on  at  elevations 
so  great  that,  during  great  part  of  the  winter,  people  lodged  at  the 
mine  were  debarred  all  intercourse  with  their  nearest  neighbours. 
517—529. 

THE  CHANNEL  ISLANDS. 

Sark.  The  metalliferous  rocks  of  Sark  consist  in  great  measure  of 
felspar  and  hornblende  ;  mixed,  however,  with  smaller  quantities 
of  several  other  substances.  Several  lodes  have  been  laid  open, 
but  one  of  them  only  {b,  1 — 4  a.) — at  Sark^s  Hope  mine,  in 
Little  Sark,  the  south-western  part  of  the  island, — has  proved 
productive.  From  this  considerable  quantities  of  several  diver- 
ores  were  obtained  ;  sometimes  separately  aggregated ;  but,  per- 
haps, more  frequently  associated  with  various  compounds  both  of 
lead  and  of  copper.  From  the  surface  to  sea-level  the  ores  were 
principally  the  salts  of  these  metals,  but  at  greater  depths  their 
sulphurets  prevailed.  The  masses  (shoots)  of  ore— conforming  in 
some  d^ree  to  the  structure  of  the  adjoining  rocks — dip  endlong 
towards  the  south-^outh-west ;  and  in  that  direction  they  have 
been  pursued  for  some  distance  beneath  the  sea.     530 — 589. 

IBELAND. 

WiCKLow.  The  homogeneous  dark-blue  and  variegated  clay-slates 
which  prevail  in  the  south-west,  but  graduate  into  massive  siliceo- 
felspathic  rocks  in  the  north-east,  of  the  district  of  Ovoca,  are 
interlaid  by  (the  Sulphur-course)  a  metalliferous  band  which 
from  Connorree  in  one,  to  Ballymurtagh  in  the  opposite,  direction, 
has  been  wrought  for  a  width  of  from  six  to  more  than  seventy 
feet.  Throughout  its  entire  range  the  shallower  parts  consist 
chiefly  of  earthy  brown  iron-ore,  sprinkled  with  iron-pyrites, 
various  ores  of  copper,  and  of  several  other  metals.  At  greater 
depths  iron*pyrites  becomes  the  principal  ingredient;    but,  nt 
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intervals,  it  includefi  bodies  of  yellow  copper-ore ;  qtiartz,  al- 
though  less  abundant  than  in  most  other  metalliferous  deposits,  is 
often  a  large  constituent ;  and  slate — from  mere  microscopic  specks 
to  (horses)  masses  of  several  fathoms  in  length  and  depth, — 
abounds  in  almost  every  part.  Auriferous  silver  has  been  found 
imbedded  in  earthy  brown  iron-ore  at  Cronebane,  and  thinly 
scattered,  in  a  state  of  extreme  subdivision,  amongst  the  suLphur- 
ore  of  Connorree.  Gold  occurs  in  both  the  earthy  brown  iron-ore 
and  the  pyrites  of  Ballymurtagk^  but  in  proportions  far  too  minute 
to  repay  the  cost  of  extraction.  A  striking  peculiarity  of  the 
formation  is  that  the  iron-pyrites,  the  copper-pyrites,  and  the 
slices  of  slate  which  interlie  them,  all  display, — as  well  in  direction 
and  dip  as  in  degree — the  selfsame  schistose  structure  as  the  ad- 
joining (Country)  slate ;  difEerences  between  the  (Country)  rocks 
and  the  vein-stones,  however,  are  more  distinctly  marked  where 
they  are  bounded  by  (joints  and  planes  of  cleavage)  lines  of 
structure  than  elsewhere.  North-west  of  the  principal  metal- 
liferous bed,  but  west  of  the  Ovoca,  a  second,  similar,  broad  band 
of  ore  has  been  largely  wrought  at  Ballymurtagh.  On  either  Bide, 
yet  within  short  distances,  of  the  Greqt  Sulphur'^ouraey  parallel 
beds  of  similar  character,  but  of  smaller  dimensions,  appear  and 
vanish  at  intervals ;  some  of  these — ^as  well  as  of  numerous  small 
veins  which  accompany  cross-joints  in  the  rock— -contain,  especial- 
ly towards  the  south,  however,  larger  proportions  of  copper-ore 
than  most  other  parts  of  the  formation.  One  of  these  (the  South- 
branch  in  Connorree),  although  of  much  the  same  composition  as 
the  rest,  maintains — like  the  Main  lode  at  Bearhaven — a  lower 
inclination  than  they  or  than  the  cleavage-planes  of  the  contiguous 
slates.  Of  three  cross-veins^  which  intersect  the  Great  Sulphur- 
course  in  Cronebane  and  Tigrony,  two  (heave)  displace  it  in  oppo- 
site directions,  but  the  effect  of  the  third  is  yet  tmknown.  Three 
cross-joints  traverse  it  at  Ballygahan,  and  all  heave  it  the  same 
way,  but  to  unequal  distances  at  different  depths ;  at  Connorree^ 
however,  similar  joints  occasion  no  displacement.  From  1840  to 
1866  the  exports  from  this  district  amounted  to  105,432  tons  of 
copper-ore,  and  1,960,119  tons  of  (sulphur-ore)  iron-pyrites, 
besides  large  quantities  of  hematite  and  earthy  bro¥ni  iron-ore. 

The  mine-water  is  everywhere  more  or  less  impregnated  with 
metallic  salts;  in  one  mine,  indeed,  to  such  an  extent  that  the 
pumps  were  protected  from  it  by  wooden  linings,  and  the  (plungers) 
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f  ofTceiB  were  also  of  wood.   The  precipitation  of  copper  from  such 

water,  by  the  immersion  of  iron,  was  introduced  at  Cronebane, 

about  one  hundred  and  fifty  years  ago,  by  a  Comishman,  who  had 

become  acquainted  with  the  process  in  his  native  county ;  and 

from  that  time  to  the  present  it  has  been  carried  on,  in  various 

parts  of   the   neighbourhood.      The  precipitate   is  greatest  in 

autumn  and  early  winter;  but  it  is  deposited  more  rapidly  in 

warm  than  in  cold  weather,  and  from  running  than  from  still 

water. 

The  PtayM  and  Mono  mines  bare  been  uninterniptedly  wrought,  in  the  clay- 
tlate  of  Anglesea,  on  masses,  beds,  and  siring^  of  quartz,  quartsose-slate,  iron- 
pyrites,  and  yellow  copper-ore,  from  the  discovery  of  ecpper-turf  at  the  surface 
in  1768,  until  now.  The  principal  works — which  are  open  to  the  day— com- 
prehend an  area  exceeding  seventeen  acres  and  a  half,  and  extend  from  eighteen 
to  twenty-three  fathoms  below  thtf  surface ;  whilst  separate  metalliferous  beds 
In  the  immediate  vicinity  are  wrought  to  much  greater  depths.  The  richer  ore 
was  prepared  in  the  usual  manner ;  but  the  poorer  was  burnt,  as  at  Agordo. 
By  burning,  most  of  the  ore  in  each  lump  was  determined  towards  the  centre, 
althottgb  some  yet  remained  in  the  outer  part.  Water  from  the  mine — al- 
ready rich  in  the  salts  of  copper  was  pumped  on  this  refuse  burnt  ore ;  and, 
having  percolated  through  it,  was  conducted  into  shallow  reservoirs  thickly 
spread  with  scraps  of  iron.  Of  late  years,  however,  the  burning  has  been 
discontinued  and  the  water  passes  directly  from  the  mine  to  the  precipitation^ 
pitM.  From  1862  to  1866,  there  were  consumed  at  the  Parya  mine  2,746 
tons  of  iron,  and  the  1,546  tons  of  precipitate  obtained  conuined  about  108 
tons  of  fine  eopper.  From  1832  to  1866  the  consumption  of  iron  at  the  Mona 
mine  amounted  to  30,386  tons,  the  precipitate  weighed  30,785,  and  the  fine 
copper  2.977  tons. 

The  results  obtained  at  ChacewcUer  suggested  the  operations  which  have 
since  been  conducted  in  other  parts  of  Cornwall,  in  Ireland,  on  the  Continent, 
and  in  the  West  Indies;  but  it  was  not  until  1854  that  the  mineral  contenU 
of  the  enormous  stream  of  mine-water  which,  for  more  than  a  century,  had 
issued  from  the  Great  Gwennap  Adit  was  submitted  to  experiment ;  subse- 
quently, however,  precipitation -works  have  been  established  from  the  point  of 
lu  exit  to  the  sea.    540 — 592. 

Watkrford.  The  mine  of  Knockmahon  is,  for  the  most  part, 
wrought  in  yariously-coloured,  yet  generally  homogeneous,  slates; 
but,  in  some  of  the  works,  massive  rocks  have  been  observed. 
The  lodes  bear  80°-45°  W.  of  N. — ^E.  of  S.,  and  consist,  in  great 
measure,  of  quartz,  qimrtzose  slate,  slate,  slaty  and  felspathic  clay, 
chlorite,  and  calcareous  matter ;  near  the  surface  they  contain 
also  small  quantities  of  earthy  brown  iron-ore,  at  greater  depths 
iron-pyrites  and  several  varieties  of  copper-ore  obtain,  and  the 
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deepest  works  have  been  rich  in  copper-pjrites ;  difEerenees  of 
compoeition,  however,  often  characterize  suhordinate  Teins^  into 
which  the  lodes  are  sometimes  divided  by  longitudinal  joints. 
The  lodes  bear  obliquely  to  the  trend  of  the  cliff,  and  incline 
nnconf ormably  to  the  cleavage  of  the  slate ;  but  the  (Shoots) 
bodies  of  ore  and  of  vein-stone  they  contain — adapting  them- 
selves to  the  several  beds  which  adjoin  them — pass  endlongi  be- 
neath the  sea,  and  have  been  largely  worked  there.  Some  of  the 
workmen  have  pursued  their  shallower  works  so  incautioi2sly»  that 
the  sea  has,  more  than  once,  found  its  way  into  the  mine.  Cross 
(fiucan)  -vein*— which  course  20**— 45**  B.  of  N.— W.  of  S.,  but 
have  opposite  dips — intersect  and — save  in  one  instance— ^displace 
(heave)  the  lodes ;  always,  however,  towards  the  right-hand  and 
to  the  side  of  the  greater-angle  (R. — G.  A.)«  In  the  single  ex- 
ceptional case  one  branch  of  a  cross-vein  simply  intersectSy  whilst 
other  branches  of  the  same  vein  displace^  the  lode.  Fronti  1825 
to  1865  the  produce  of  the  mine  realized  £1,399,232,  and  the 
Shareholders  received  a  net  profit  of  £489,153.     593—601. 

Cork.  At  the  Bearhaven,  or  Allihies^  Mountatn-mine  the  rocks 
consist  mostly  of  siliceous  and  chloritic  or  talcose  matter,  unequally 
sprinkled  with  the  carbonate  of  lime,  and  minutely  veined  with 
quartz  ;  adjoining,  and  within  short  distances  of,  the  lodes  they 
assume  pale-buff,  or  lilac  hues,  and  a  thick-lamellar  structure 
prevails ;  elsewhere  they  are  blue  and  fissile.  Three  series  of  joints 
are  common  alike  to  the  rocks  and  lodes.  The  Main  lode  and  the 
planes  of  cleavage  in  the  adjoining  slates  have  much  the  same 
strike ;  but— exhibiting  almost  a  solitary  exception — its  dip  is  at 
a  lower  angle  than  theirs.  The  Mountain  lode  is — as  well  in 
direction  as  in  underlie — oblique  to  both.  From  the  surftice  to 
one  hundred  and  forty  ^thorns  deep  the  Mountain  lode  comports 
itself  as  a  branch  from  one  side  of  the  Main  lode ;  but  at  greater 
depths  the  north  (side)  wall  of  the  latter  preserves  its  continuity 
and  severs  the  former ;  the  identical  body  of  rock  intersected  by 
the  lode  in  one  spot,  thus  intersecting  the  8el£8ame  lode  in  another. 
The  lodes  are  seldom  equally  productive  at  the  same  depths ;  yet 
in  both  the  most  highly  inclined  parts  are  usually  the  richest. 
Their  principal  ingredient  is  hard,  massive,  quartz,  tinged  with  the 
salts  of  copper  in  some,  but  with  earthy  brown  iron-ore  in  other, 
places ;  chloritic  or  talcose  matter  is  not  uncommon,  and  isolated 
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mftases  of  caloareonsHSpar  and  of  the  carbonate  of  iron  present 
themselyes  here  and  l^ere;  nnmberlees  angpilar  bodies  (horses) 
of  slate — ^varying  in  size  from  a  fraction  of  an  inch  to  some 
fathoms  in  length,  depth,  and  thickness,  resembling  the  adjacent 
rocks  in  compoation  and  generally  coinciding  with  them  in 
deavage— «ie  enveloped  in  the  other  vein-stones.  Iron-pyrites, 
vitreoos  copper,  and  some  other  metallic  substances  occur  at  inter- 
vals, but  yellow  copper-ore  prevails.  A  cross-vein  intersects,  but 
does  not  (heave)  displace  the  main  lode.  Notwithstanding  the 
works  have  been  opened  to  considerable  depths,  in  schistose  rocks, 
at  less  than  a  mile  from  the  sea,  the  streams  which  enter  them 
merely  suffice  for  use  at  the  surface.  During  thirty  years  past 
all  ore  and  rubbish  have  been  drawn  out  of  the  mine  on  a  railway 
worked  by  a  small  high-pressure  steam-engine  placed  at  the  adit. 
Forges  for  the  repair  of  tools  have  long  been  established  at  various 
depths,  and  of  late  a  Man-engine  has  been  set  up.     602 — 610. 

Eebrt.  The  mine  of  Ardtully  was  worked  on  a  metalliferous 
deposit  which— for  great  part  of  its  course — is  boimded  by  (? 
Carboniferous)  slate  on  one  side  and  by  thin-bedded  Carboniferous 
limestone  on  the  other ;  in  one  part  of  its  range,  however,  slate 
occurs  on  both  sides.  But  whether  traversing  the  slate,  or  con- 
tained within  it  in  one  and  limestone  in  the  opposite  voall^  the 
earthy  ingredients  of  the  lode  partake,  to  some  extent,  the  nature 
of  the  adjoining  rocks ;  whilst  the  ores  of  copper  scattered  through 
&e  vein-stones  are,  at  the  same  time,  characteristically  different. 
A  nearly  parallel  metalliferous  repository  (the  Forge  lode) — 
wholly  contained  in  the  limestone  —  consists  chiefly  of  greyish 
limestone  and  calcareous-spar,  but  sometimes  one,  sometimes  the 
other,  prevails.  To  a  depth  of  twelve  &thoms  purple  copper-ore 
abounded;  and  vitreous  copper,  copper-pyrites,  and  earthy  black 
copper-ore  occurred  in  notable  quantities;  thence,  downward, 
however,  the  ores  rapidly  declined,  and  at  length  they  appeared 
only  in  granules  and  thin  strings  sparingly  distributed  through 
the  vein-stones.  A  second  coincident  band  of  calcareous  matter, 
on  the  same  meridian,  afiEorded  lead -ore  only ;  but  whether  this 
is,  or  is  not,  the  equivalent  of  the  formation  wrought  at  Shana- 
gorry^  towards  the  west,  has  not  been  ascertained.  A  cross-vein 
intersects  both  the  slate  and  the  limestone,  as  well  as  the  Ardiully 
lode  where  it  interlies  them,  but  it  occadons  no  (heave)  displace- 
ment of  either.    611—622. 
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Meath.  At  Brownstown  beds  of  crystaUine,  blacMsh-bliie  Cor- 
bonif  erous  limestone  alternate  with  thin  layers  of  calcareo-siliceoaB 
shale ;  the  former  at  intervals,  the  latter  everywhere,  charged 
with  organic  remains.  The  limestone  contains  two  bands  which 
•^partaking  the  nature  of  the  adjoining  rock  ("Coun^^— consist 
in  great  measure  of  calcareous-spar,  mixed  and  frequently  veined, 
however,  with  granular,  massive,  and  crystalline  quartz.  wAngular 
bodies  of  limestone  are  imbedded  indifEerently  in  the  siliceous 
and  the  calcareous  ingredients,  and  sometimes  partly  in  either. 
Near  the  surface  earthy  brown  iron-ore  is  scattered  through  friable 
portions  of  both  the  calcareous-spar  and  the  quartz ;  and  these  are 
often  interspersed  with  malachite  and  earthy  black  copper-ore. 
At  greater  depths  the  matrix  is,  at  intervals,  sprinkled  and  striped 
with  copper-pyrites,  which  is  frequently  invested,  and  the  crevices 
and  joints  are  often  &ced,  with  earthy  black  copper-ore ;  but  in 
such  places  malachite  is  seldom  found.  In  all  parts  of  both  re- 
positories the  ores  of  copper  prefer  the  siliceous,  to  the  calcareous, 
vein-stones.  At  seventeen  fathoms  from  the  surface  two  joints  of 
a  large  Encrinite  were  discovered  in  a  quartzose  gangue,  and  some- 
what deeper  a  specimen  of  another  organism  (?  Turbinolia)  was 
found  imbedded  in  a  subordinate  vein  of  massive  copper-pyiites. 
628—626. 

The  Detrital  Gold  of  Wicklow.  The  beds  of  several  small 
streams,  which  rise  on  the  north-eastern  slope  of  Groghan  Kin- 
shela,  and  both  east  and  west  of  Groghan  Moira,  consist  of  gravel, 
shingle,  boulders,  and  angular  blocks  of  divers  slates,  frequently 
mixed  with  pebbles  of  granite,  and  of  other  earthy  substances,  as 
well  as  with  masses  of  several  ferruginous  minerals,  a  tricing 
amount  of  tinstone,  fragments  of  other  ores,  and  minute  propor- 
tions of  gold;  all  imbedded  in,  sand  and  clay,  the  debris  of 
neighbouring  rocks  and  veins.  It  appears  that  gold  was  discovered 
at  Ballin valley  in  1796  ;  and  that  the  rush  of  people  to  the  spot, 
shortly  attracted  the  attention  of  Government.  Commissioners 
were  immediately  appointed  to  direct  systematic  operations ;  and 
up  to  1798 — when  they  were  interrupted  by  popular  commotion 
— ^their  works  had  been  remunerative.  In  1801  proceedings  were 
resumed,  and  openings  were  also  made  at  Ballycreen  and  Bally- 
nacapogue ;  but— proving  less  successful  than  before — they  were 
shortly  abandoned.      In  1842,  and  again  in  1857,  trials  were 
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carried  on  by  private  Companies,  but,  on  both  occasions,  they  were 
soon  relinquished.  Daring  intervals  between  the  operations  of 
Government  and  of  the  two  Mining  Associations,  the  refuse  from 
their  works,  and  the  beds  of  the  streams,  were  continually  gleaned 
by  the  peasantry.  The  detritus  is,  in  general,  shallow  enough  to 
be  conveniently  wrought  by  open-cutting ;  but,  in  one  instance, 
at  least,  it  was  worked  by  means  of  shafts  sunk  to  the  (shelf) 
unbroken  rock,  and  by  (levels)  drifts  along  its  surface.  The 
quantities  of  gold  respecting  which  accounts  have  been  obtained 
amount  to  more  than  one  hundred  and  fifty  (Troy)  lbs. ;  and  it 
is  believed  that  'much  beside  was,  from  time  to  time,  collected 
and  carried  off  by  the  people.  Some  of  the  nuggets  found  at 
first  weighed  many  ounces  a  piece ;  but,  even  then,  most  of  the 
gold  consisted,  and  now  the  whole  consists,  of  scales  and  granules 
of  veiy  small  sizes.  Whether  the  masses  are  large  or  small, 
most  of  them  seem  to  have  suffered  great  attrition  ;  yet  amongst 
them — as  amongst  the  detrital  gold  of  most — if  not  of  all,  other 
countries — small  well-preserved  crystals  have  been  sometimes 
obtained.  Its  quality,  like  that  of  stream-gold  generally — is 
very  good.  Attempts  were  made,  both  by  the  Government  and 
by  the  Carysfort  Mining  Company,  to  discover  the  parent  forma- 
tion, but  without  success ;  for — until  recently  amongst  the  ores 
of  Ballymurtagh — no  part  of  the  district  had  afforded  gold  in  situ, 
627—634. 

GEEAT  BBITAIN. 

Mebionsthshibk.  At  Clogau  the  Saint  David  lode  is  bounded  on 
the  south  or  lower  (foot-wall)  side  by  rocks  of  felspar  and 
chlorite,  thinly  sprinkled  with  quartz  and  calcareous  spar ;  but 
on  the  north  or  upper  (hanging-wall)  side  by  homogeneous 
slates,  eidier  enclosing  masses,  or  alternating  with  beds,  of  fel- 
spathic,  chloritic,  siliceous,  and  sparry  matter.  All  these  are 
cleaved  at  high  angles,  and  divided  by  two  series  of  persistent 
joints,  as  well  as  by  others  taking  different  directions  and  of 
shorter  range.  The  auriferous  repository  varies  very  greatly  in 
width,  maintains  nearly  the  same  direction  as  the  joints  of  one 
series,  and — although  sometimes  inclining  towards  the  north — is, 
on  the  whole,  nearly  perpendicular.  Its  principal  constituents 
are  quartz,  calcareous-spar,  and — as  the  adjoining  (Country) 
rock  is  of  one  kind  or  other — either  felspathic  and  chloritic 
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nattoTi  or  homograieoas  slate;  these  several  isgredienla  are 
often  aepaiatelj  aggregated,  but,  poMiblj,  as  frequently,  mixed. 
Smaller  qnantitieB  of  pearl-q>ar,  the  sulphate  of  barjtee,  and 
other  earthy  Tninerals  oocur  at  intervals.  Near  the  surface 
earthy  black  iron-ore  abounds ;  somewhat  deeper,  yet  in  com- 
parative shallow  portions  of  the  lade,  iron-pyiites  and  copper- 
pyrites  are  common ;  but-^though  peculiar  to  neither  of  the 
vein-stones — ^diey  are  most  plentiful  in  a  quartzoee  matrix. 
Granules  of  blende  and  galena,  and  ciystalline  scales  of  tetra- 
dymite  are  not  unfrequent  Both  die  quartz  and  the  calcareous- 
spar  are  sprinkled  with  particles  and  grains  of  gold  ;  and  inter- 
twined with  golden  threads  which  imite  in  small  nuggets  at 
iheir  reticulations.  The  gold  may»  perhaps,  be  less  plentiful, 
but  it  is  of  coarser  groin,  in  quartaose  than  in  Bpany,  parts  of 
*  the  deposit.  From  June  1860  to  December  1867  the  mine 
afforded  1,008  (Troy)  lbs.  of  gold,  which  averaged  twenty-two 
carats  fine.     635—642. 

P£RTHSHiBE.  At  Corri  Charmaig  the  quartzose  mica-slate  which 
prevails,  near  the  head  of  Loch  Tay,  is  associated  with  felspathic 
and  hornblendic  rocks,  of  schistose  structure,  comprehending 
a  broad  metalliferous  band,  which  in  different  parts  of  its  range 
contains  vein-stones  of  separately-crystallized  felspar  and  horn- 
blende, variously-coloured  serpentine  veined  with  diallage,  ste- 
atite, asbestus,  and  talc— passing  into  chlorite — ^thickly  eprinkled 
with  garnets.  The  chromate  of  iron — as  well  in  crystals  and 
narrow  reticulated  veins,  as  in  angular  and  rude  spheroidal 
masses, — occurs  in  several  parts  of  the  repository ;  but  mostly 
invested  with  talcose  matter,  and  always  in  a  vein-stone  of  ser- 
pentine. The  formation  is  intersected  by  two  series  of  veins;  but 
numberless  others,  of  short  range,  are  peculiar  to  the  serpentine ; 
and  it  may  be  noteworthy  that  the  (bunches)  masses  of  ore  are 
seldom  alike  in  quality,  and  frequently  their  forms  are  dissimilar, 
on  opposite  sides  of  the  joints.  From  1855  to  1860  some  seventy 
tons  of  ore  were  quarried  ;  of  this  some  realized  five  Pounds  and 
two  shillings  (£5:2:0)  per  ton,  the  rest  remained  unsold. 
Towards  the  middle  of  (he  last  century  the  neighbouring  lead-mine  of 
J\fndrtim  waa  wrought  to  advantage  under  the  superintendence  of  Mr. 
Rudolph  Erich  Raipe,  who — when  the  German  system^  of  leveU,  totiifet,  and 
baek-atopes,  waa  substituted  for  the  boUom-9topei  which  until  then  prevailed 
in  Cornwall— had  been  already  employed  at  DohotUh;  where,  according  to 
local  tradition,  he  composed  a  well-known  work  of  fiction.    648—649. 
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At  Tonmtidashan,  south  of  Loch  Tay,  the  prevailing  mica-slate 
is  traversed  by  a  broad  band,  composed  mostly  of  felspar,  horn- 
blende, chlorite,  and  quartz,  which  present  felspar  porphyries  in 
some,  but  greenstones  in  other,  parts ;  the  former — often  contain- 
ing isolated  crystals  of  felspar — are  usually  determined  to  the 
middle,  the  latter  towards  the  sides,  of  the  formation ;  bodies  of 
either  rock,  however,  enclose  masses,  and  are  penetrated  by  veins, 
of  the  other.  Two  lodes,  bearing  respectively  S.E. — ^N.W.,  and 
25*" — 30°  S.  of  E. — N.W.,  traverse  both  the  greenstone  and  the 
porphyry ;  their  principal  vein-stones,  whilst  in  the  former,  are 
felspar  and  hornblende,  but  in  the  latter  they  consist,  in  great 
measure,  of  felspar  and  quartz.  Near  the  surface  earthy  brown 
iron- ore,  small  bunches  of  copper-pyrites,  and  nests  of  earthy 
black  copper-ore  sprinkled  with  malachite  are  of  common  occur- 
rence ;  but  downward  the  earthy  ore  is  replaced  by  pjrrites,  yellow 
copperH>re  is  more  plentiful,  and  granules  of  fahlerz  and  of  galena 
are  thinly  sprinkled  through  the  matrix.  As  the  lodes  converge, 
the  rock  between  them  is  intersected  by  numberless  intertwining 
veins  of  felspathic,  homblendic,  quartzose,  and  chloritic  matter, 
which  give  the  entire  mass  a  brecciated  character.  The  sulphuret 
of  molybdenum  has  seldom  been  noticed  in  the  lodes ;  but — 
accommodating  itself  to  the  strice,  which  score  both  the  vein-stones 
and  the  rocks  at  their  contact,  it, — not  uncommonly,  shows  itself 
as  a  slickenside.  On  the  margin  of  the  lake,  however,  it  appears 
in  small  crystals  scattered  through  the  porphjrry  and  facing  its 
joinla.     650—654. 

Cornwall.  Thb  Caradon  Distrtct  comprehends — the  south-eastern 
portion  of  the  Bodmin-moor  granite, — the  slates  which  skirt  it, — 
the  homblendic  rocks  associated  with  the  slates, — and  the  elvans 
which — although  imbedded  in  granite  at  intervals, — usually  tra- 
verse both  granite  and  slate.  But  beside  the  vast  sheet  of  slate 
which  extends,  towards  the  east  and  north-cnst,  from  the  granite 
of  this  region  to  the  confines  of  Cornwall,  a  tract  of  slate  scarcely 
a  mile  in  length  or  half -a-m lie  in  width,  is  bounded  on  one  side 
by  the  granitic  slope  of  the  Cheesewring  and  on  the  other  by  a 
body  of  granite  which  reaches  most  of,  if  not  all,  the  way  from 
Caradon  to  Knowl,  Within  this  patch  of  schistose  rock,  how- 
ever, the  S.,  upper  side  (hanging-wall)  of  the  Phcmix  lode  to 
about  thirty-five  fathoms  from  the  surface  consists  of   slate  ; 
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irbilst  the  confronting  portion  of  the  N.,  lower  (foot-wall)  dde, 
and  both  sides  (walla)  at  all  greater  depths,  are  composed  wholly 
of  granite.  The  shallower  parts  of  other  lodes  in  the  immediate 
vicinitj  seem  likewise  bounded  bj  slate  on  their  (S.)  upper,  but 
bj  granite  on  their  (N.)  lower,  sides;  but  whether  these  bands  of 
granite  maj,  or  maj  not,  traverse  the  entire  width  of  slate,  has 
never  jet  been  ascertained.  At  Marke  Valley — on  the  junction 
of  the  great  slate-formation  with  the  granite — the  lode^  which 
dips  towards  the  north,  is  accompanied  on  its  N.  or  upper  (hang- 
ing-wall) side,  to  a  depth  of  thirty*8ix  &  thorns,  by  slate ;  but 
in  the  opposite  parts  of  its  S.  or  lower  (foot-wall)  side,  and  at 
greater  depths  on  both  sides,  by  granite.  Grenerally  speaking,  the 
granite  is  composed  of  felspar,  quartz,  and  mica ;  the  joints  by 
which  it  is  traversed,  as  well  as  the  bedding  which  conforms  in 
some  measure  to  the  contour  of  the  sur&ce,  are  conspicuous  at  the 
Gheesewring,  where  the  rock  is  largely  quarried  for  exportation. 
On  the  confines  of  the  formation  schorl  is  frequently  a  constituent ; 
in  the  vicinity  of  the  lodes  chlorite  is  not  uncommon ;  and  in 
more  than  one  part  of  the  district  tin-ore  is  a  large  ingredient. 
The  slates  consist — as  the  granite  in  contact  with  them  also  con- 
sists— chiefly  of  felspar  and  quartz ;  mixed  with  either  mica  or 
chlorite ;  and,  at  some  distance  from  the  granite,  they  are  occa- 
sionally interlaid  by  homblendic  rocks.  Several  ^ZtHm-courses — 
bearing  15**— 30°  N.  of  E.— S.  of  W.— intersect,  indifferently  the 
granite  and  slate ;  and — apparently  unconnected — ^masses  of  elvan 
are,  here  and  there,  imbedded  in  the  granite.  In  the  difiEerent 
(Countries)  rocks  their  components  are,  perhaps,  scarcely  identi- 
cal; usually,  however,  they  contain  crystals  of  quartz  and  of 
felspar  isolated  in  a  basis  of  quartz  and  felspar,  now  and  then, 
sprinkled  with  mica  and  schorl.  The  lodes — comprehending  the 
several  minerals  of  the  adjoining  rocks— consist,  in  great  measure 
of  quartz,  chlorite,  and  felspar,  associated,  at  intervals,  with  schorl 
and  mica ;  sometimes  separately  aggregated,  but  more  frequently 
intimately  mixed.  The  joints  of  one  series — well  marked  in  the 
rocks — take  much  the  same  direction  as  many  of  the  lodes ;  and 
—  traversing  them  longitudinally  —  thus  develope  subordinate 
slices^  veins y  or  combs^  which,  not  uncommonly,  display  charac- 
teristic differences  of  composition  and  structure.  Both  N.  and  S. 
of  the  Caradon  range  the  shallower  parts  of  the  lodes  often  contain 
earthy  brown  iron-ore ;  but  it  and  the  minerals  associated  with  it 
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are  not  exactly  alike  on  opposite  sidee  of  the  granite.  In  the  N. 
portion  of  the  granite,  and  in  the  contiguons  slate,  dark-brown 
and  blackii^  iron-ores  are  scattered  through  hard,  maasive,  cavem- 
ons  quartz,  and-^ownward  especially — mixed  with  chlorite ;  in 
this  congenial  matrix  tin-ore  is  sometimes  abundant.  Softer,  and 
lighter-coloured,  iron-ores  and  granular  quartz  are— in  the  same 
noghbourhood — ^impregnated  with  several  ores  of  copper.  On 
the  S.,  however,  the  outcrops  of  the  lodes  consist  of  soft,  yellowish 
and  reddish-brown  iron-ore,  granular  and  friable  quartz,  chlorite, 
and  fluor,  and  in  these  copper  and  many  of  its  ores  often  abound. 
Thus  the  lodes  on  one  side  of  the  granite  afford  tin-ore  and  copper- 
ore,  but  no  fluor ;  whilst  those  on  the  other  yield  fluor  and  various 
area  of  copper  but  are  destitute  of  tin-ore ;  which,  nevertheless, 
is  an  ingrredient  of  the  neighbouring  rock.  The  direction  of  the 
2(K;«a— ranging  between  b''  S.  of  E.— N.  of  W.  and  35**  N.  of  E. 
— S.  of  W. — is,  on  an  average,  some  18**  N.  of  B. — S.  of  W. 
The  bedding  of  the  granite  at  the  Cheesewring  and  the  cleavage- 
planes  of  the  slate  throughout  the  district  decline /rom  the  central 
body  of  the  granitic  formation ;  the  lodeSy  on  the  contrary,  dip 
generally  towards  it.  The  lodes  peculiar  to  the  granite  measure 
about  2',  but  those  which,  wholly  or  in  part,  traverse  the  slate 
average  6*8,  the  general  mean  being  about  8*2,  feet  in  width. 
The  crosS'COurses — partaking  in  some  measure  the  nature  of  the 
rocks  they  intersect— contain  granitic  matter  when  in  granite^ 
and  elvan  when  in  elvan ;  but-— "differing  in  this  respect  from  the 
lodes^  which  contain  larger  proportions  of  quartz — they  are 
usually  more  felspathic  than  the  (Country)  rocks;  moreover, 
there  seems  an  occasional  approach  to  unif  ormify  in  the  positions 
of  the  crystals  of  felspar  they  include.  Their  directions — differ- 
ing little  firom  those  of  one  well-pronounced  series  of  joints — 
range  from  6°  E.  of  N.— W.  of  S.  to  24"  W.  of  N.— B.  of  S.  and 
average  18^  W.  of  N. — ^E.  of  8. ; — more  highly  inclined  than  the 
lodes — ^they  dip  just  80"  from  the  horizon,  and — in  this  respect 
resembling  the  lodes  on  both  sides — incline  towards  the  great  body 
of  granite.  In  this  district — as  throughout  Cornwall  generally — 
the  cross»courses  are  rather  broader  than  the  lodes ;  they  vary 
from  0*6  foot  to  24  feet,  and  average  4*6  feet,  in  width.  Of  the 
lodes  intersected  by  cross^courses^  some  are  (heaved)  displaced 
towards  the  right-f  others  towards  the  le/trhand^  and  in  a  few 
instances  the  intersections  are  unaccompanied  by  displacement. 
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The  mean  amount  of  displaceineiit  is  greater  near  tlie  ear&ce 
than  at  considerable  depths  ;  and  bj  wide  than  hj  narrow  cross- 
courses.  One  of  the  principal  cross^courses,  however,  ia  inter- 
sected by  a  (course)  vein  of  quartz.  Ck>pper  is  precipitated  from 
the  drainage  of  an  abandoned  mine ;  and  from  water  used  for 
household  purposes  in  the  neighbourhood.  Notwithstanding  the 
extent  of  early  tin-mining  in  the  vicinity,  and  that  copper-mines 
had  been  long,  largely,  and  profitably  wrought,  as  well  on  loth 
sides  of  the  Tamar,  as  in  many  parts  of  Western  Cornwall,  it  was 
not  until  1835 — 1840  that  they  were  opened  wiih  success  on  the 
slopes  of  C«  radon ;  yet  Railway- waggons  were  adapted  to  at  least 
one  inclined  shaft  in  this  region  before  they  were  generaUy  used 
in  other  parts  of  the  Ck)unty.  In  1851,  5  water-wheels  and  IS 
steam-engines  worked  the  pumping  and  stamping  machineiy,  and 
more  than  1,200  people  were  employed,  in  the  district.  In  1868 
East  Caradon  and  the  Pkcenix  mines  had  already  yielded  large 
profits;  and  at  Marks  Valley  £50,000,— at  West  Caradon 
about  £110,000,— and  at  South  Caradon  £815,605  had  been 
divided  amongst  the  shareholders.  655 — 698. 
Tbb  Ls\d-kixb8  of  Mbnubniot,  Lanbbath,  and  Saint  Pinhock  are 
opened  in  schistose  rocks  of  greenish,  brown,  drab,  or  dun-colom' 
near  the  surface,  but  of  dark-blue  or  blackish  hue  at  greater 
depths.  Nests  of  pulverulent  ferruginous  matter  (7  of  organic 
origin)  occur  here  and  there  in  a  shallow  quarry  between  Wheal 
Trelawny  and  Wheal  Mary  Ann^  and  similar  bodies,  as  well  as 
Crinoideal  remains,  are  obtained  on  the  way-side  near  fferod^s- 
foot.  On  one  side  or  other,  and  occasionally  on  both  sides,  of  the 
Menheniot  lode,  the  slate  is  interlaid  by  conformable  beds  and 
isolated  bodies  of  f elsparhic  and  homblendic  rocks ;  which  are, 
perhaps,  connected  with  some,  of  several,  similar  masses  contain- 
ing spheroidal  concretions  of  identical  composition.  The  only 
lode  yet  wrought  at  Menheniot  takes,  on  the  whole,  a  nearly 
meridional  range,  maintains  an  average  inclination  of  nearly  80^ 
E.,  and  varies,  from  six  inches  to  four  feet,  in  width.  The  lode 
of  (Lanreath  and  Saint  Pinnock)  Herod^S'foot  bears  slightly 
W.  of  N. — E.  of  8.,  preserves  also  a  trifling  E.  dip,  and  is  from  a 
foot  to  three  feet  wide.  Of  both  lodes  the  chief  ingredient  is 
quartz;  oflen  granular  near  the  surface,  but  generally  massive 
and  of  milk-white  hue  beneath ;  angular  masses  of  slate  and  of 
quartzose  slate,  cleaved  and  jointed  uuiformly  with  the  adjoining 
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(Country)  rocks,  are  very  nnmerous,  and  the  crevices  between 
them  are  not  unusuallj  faced  with  crystals  of  quartz,  of  calcareous- 
spar,  and  of  galena ;  fluor  and  the  sulphate  of  barytes  abound  in 
portions  of  the  Menheniot  lode,  and  pearl-  spar  is  not  uncommon 
at  Heroes-foot.  At  and  near  the  surface  earthy  brown  iron-ore 
is  plentiful ;  in  many,  if  not  in  most,  parts  iron-pyrites  is  a  fre- 
quent oonstitnent;  copper-pyrites  and  blende  are  disseminated 
through  quartzose  portions  of  the  vein-stones ;  and  ores  of  anti- 
mony occur  in  minute  proportions.  In  the  Menheniot  lode  lead- 
ore  is  more  plentiful  near  the  middle  than  towards  the  sides,  and 
it  appears  more  frequently  in  grains,  and  isolated  masses  connected 
by  thin  veins,  than  in  large  (courses)  bodies  of  endlong  (shoot) 
dip;  but  the  quartzose  vein-stone  of  the  Lanreath  and  Saint 
Pinnock  lode  contains  numberless  small  bunches  and  thick  ribs  of 
galena.  In  boih  these — as  in  most,  if  not  in  all,  other — lodes  the 
lead-ores  from  different  parts  are  unequally  rich  in  silver.  The 
cross  (Jlucan)-vein  of  Herodts-foot  differs  from  the  cross  (Jlucan)- 
veins  of  Wheal  Trelawny  and  Wheal  Mary  Ann — as  much  as  the 
lodes  they  respectively  intersect  differ — in  direction;  whilst  its 
width  is  greater  than  theirs.  Of  the  cross-veins  which  intersect 
the  lode  at  Wheal  Trelawny  and  Wheal  Mary  Ann  one  displaces 

(heaves)  it  towards  the  lefi the  other,  generally,  towards  the 

right-hand,  yet  both  displace  (heave)  it  to  the  side  of  the  smaller 
angle.  The  cross-vein  at  Heroes-foot  heaves  the  lode  also  to- 
wards the  righty  but  to  the  side  of  ihe  greater  angle.  The  same 
cross-veiuy  however,  heaves  the  lode  unequal  distances  at  different 
depths  ;  indeed  it  heaves  at  one  spot,  but  simply  intersects  at 
another.  During  1851  the  pumping-  and  stamping-machinery 
were  worked  by  3  water-wheels  and  10  steam-engines,  whilst 
more  than  1,000  people  were  employed  at  the  mines.  Profits, 
which  amounted— at  Herod's-foot  to  £49,848,— at  Wheal  Tre- 
lawny to  £56,914,  and  at  Wheal  Mary  Ann  to  £65,585,  were 
from  1844  to  1868  divided  amongst  the  shareholders. 

Wheal  Wrey,  a  neighbouring  mine,  continued  to  yield  for  some  time  con- 
siderable quantities  of  rich  silTer-ore.    699 — 720. 
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Observations  on  Metalliferous  Deposits. 

By  WILLIAM  JORY  HENWOOD,  F.R.S.,  F.G  S., 

HSHBER  OF  THB  OKOLOOICAL  BOCtBTT  OF  FRAKOB; 

PBE8IOBMT  OF  THB  BOTAL  INSTITUTION  OF  COBNWALL; 

HOXOBABT  HBKBBR  OF  THB  T0BK8HIRB  PHILOSOPHICAL  80CIETT  : 

COBSSSPOITDXNa   MBKBBB  OF  THB  IMPERIAL  AORIOULTURAL  AND  NATURAL 

HISTORY  SOCIBTT — ^LTOMS,    AND  OF  THB  LYCEUM  OF 

KATURAL  HISTORY — NEW  YORK  ; 

80MBTIMB  HBR  MAJBSTY*8  ASSAY-MA8TBR  OF  TIN  IN  THB  DUCHY  OF  CORK  WALL  ; 

MEMBER  OF  THE  SOCIETY. 

The  object  of  this  Memoir  is, — to  describe  deposits  of 
iron,  copper,  lead,  chrome,  cobalt,  nickel,  silver,  and 
gold,  associated  with  rocks  of  different  ages,  in  various 
parts  of  the  East  and  West  Indies,  North  and  South 
America,  and  the  Continent  of  Europe ; — to  compare 
them  with  such  as  yield  both  similar  and  different  ores 
— especially  the  ores  of  copper,  lead,  and  tin — amongst 
formations  of  less  varied  composition  in  the  West  of 
England ;  ♦ — and  to  trace  the  local  peculiarities,  which 
— ^in  subordinance  to  general  laws — have  determined 
their  distribution. 
The  rocks  of 

KUMAON    AND    GuRHWAL, 

two  North-western  Provinces  of  India,  are  granite; 
gneiss;  micaceous,  talcose,  chloritic,  homblendic,  and 
clay  slates ;  limestone ;  and  sandstone. 


•  Cornwall  Geol.  Trans,,  v.  pp.  I — 386. 
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The-i.rdh  and  copper  ores,  which  have  from  time 

immemorial  been  wrought  by  the  natives,  are  for  the 

*     *  _ 

m63t'.part  in  the  slate,  especially  in    the   clay-slate 

'formation ;  but  copper  has  also  been  obtained  amongst 

...'••iKe  calcareous  rocks ;  and  although  hitherto  in  small 

;••.*/•' quantities,  iron-ore  has  been  found  in  the  sandstone  of 

../     the  Sub-Himalayan  range. 

Three*  small  patches  of  granite  occur, — near  D  warra 
Hath,  at  Almora,  and  at  Deo  Dhoora, — within  the 
metalliferous  district;  but  no  ore  of  any  kind  has 
hitherto  been  found  in  either  of  them. 

In  texture  the  rock  somewhat  resembles  the  granite 
of  Cornwall,  and  is  rather  coarse-grained ;  but  it  is 
sometimes  traversed  by  veins  of  a  variety  more  minutely 
crydtalline. 

Its  ingredients  are  for  the  most  part  felspar,  quartz, 
and  mica;  but  near  Dwarra  Hath  the  latter  is  here  and 
there  replaced  by  talc,  and  schorl  occasionally  appears ; 
whilst  hornblende  abounds  towards  the  confines  of  the 
formation  near  Deo  Dhoora;  and  porphyritic  crystals 
of  felspar  are  numerous  throughout  the  formation. 

As  felspar  is  so  prevalent,  and  as  atmospheric  in- 
fluences are  so  powerful,  it  is  not  surprising  that  large 
tracts  of  the  granite  are  disintegrated,  and  in  some 
places  even  decomposed.  But  harder — and  in  general 
finer-grained — masses  are  often  imbedded  in  the  softer 
varieties ;  and,  when  the  latter  yield  to  degradation,  the 
former  stand  out  in  striking,  sometimes  indeed  in  fan- 
tastic, relief. 


<r 


*  CapUin  Herbert's  Geological  Map  indicates  a  fourth  near  Eurn  Pryag. — 
Journal  of  the  Asiatic  Society  of  Bengai,*  xii.  (w.8.)  Past  ii,,  1843. 
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The  rocks  near  Dwarra  Hath,  divided  by  highly 
inclined  joints  into  parallel  courses^  layers,  or  slices, 
which  are  alternately — of  hard  and  siliceous* — and  of 
soft,  disintegrating,  felspathic,  and  talcose  granite,  thus 
strikingly  illustrate  the  connexion  subsisting  between 
their  structure  and  composition. 

The  principal  joints  bear  respectively  about  north 
and  south,t  10'— 20*  S.  of  E.  and  N.  of  W.,  and  the 
third  series  nearly  N.E.  and  S.W. :  the  bedding'^ — 
rarely  horizontal — ^inclines  sometimes  one  way  some- 
times another,  but  usually  towards,  the  slope  of  the 
surface. 

The  massive  structure  which  prevails  in  the  central 
granite,  gradually  passes  into  thick-lamellar,  — but  still 
crystalline,  towards  its  confines;  where  it  is  overlaid  by 
yellowish-brown  mica-slate,  in  which  talc  also  is  often 
present  Isolated  patches  of  the  first  rock  are  imbedded 
in  the  second ;  and  of  the  second  in  the  third  near  the 
limits  of  the  respective  series,^  on  the  mountain  side, 
south-west  of  Almora.  Veins  of  fine-grained  granite — 
sometimes  very  broad — traverse  the  mica-slate  in  glens 
which  feed  the  Punaar,  a  tributary  of  the  Surjoo. 

Except  a  little  gold  mixed  with  the  debris  of  granite|| 

*  The  beautifal  but  grotesque,  and  sometimes  indecent,  carvings  on  the  Hindoo 
temples  at  this  spot  are  executed  in  granite  of  the  neighbourhood. 

t  Mr.  Enys,  London  and  Edin.  Phil,  Mag.,  i.  (1833)  p.  322. 

X  Messrs.  Schlagintweit  determined  the  magnetic  variation  at  Nyee  Tal,  in 
May,  1855,  to  be  4''  0'  lO'^  £. 

{  "  East  of  the  village  of  Dhoveet  *  *  the  rock  may  be  called  a  gneiss,  but 
"  it  exhibits  small  patches  *  *  *  *  of  the  most  regular  micaceous  schist,  •  •  » 
"and  again  of  the  most  legitimate  granite." 

Capt.  Hb&bbrt,  Journal  of  the  Asiatic  Society y  xii.  N.8.  (1843)  p.  cxxxii. 
I  Captain  Herbert  obtained  a  specimen  of  granite  which  enclosed  a  speck  of 
gold,  from  the  bed  of  the  Aluknunda  near  Kedamath. 

Anatic  Retearchee,  Part  i.  (1829)  p.  236. 

b2 
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and  gneiss,  in  the  Aluknunda  at  Chetoa  Peepul, — in 
the  Pindur  near  Kum  Pryag, — and  in  the  Ramgunga* 
between.  Kala  Bun  and  Gunnai,  no  metalliferous  deposit 
has  yet  been  discovered  in  either  of  these  rocks.  The 
mica-slate  is  seldom  productive  of  copper,  except  at  a 
distance  from  the  granite  and  gneiss,  and  where  talc 
is  also  plentiful;  there,  too,  the  veins  —  exclusively 
siliceous  in  the  lower  parts  of  the  series  —  generally 
contain  likewise  notable  quantities  of  lime. 

(a.)  At  Kurrye,t  near  Bagesur,  pearl-white  talc  and 
calc-spar  alternate  in  thin  beds,  which  bear  about  S.E. 
and  N.W.,  and  dip  35'— 45'  S.W.  The  calcareous 
strata  are  rarely  mixed  with  other  substances ;  but  the 
talcose  beds,  at  intervals,  include  kidney-shaped  masses 
of  quartz;  which  are  sometimes  tinged  with  earthy 
brown  iron-ore, — are  often  irregularly  spotted  and 
streaked  with  copper-pyrites, — and  now  and  then  with 
purple  copper-ore.  Traces  of  the  carbonate  of  lime 
and  of  pearl-spar  occasionally  appear  in  the  quartz; 
but  at  such  times  copper-ore  is  rarely  or  never  present 
in  the  rock ;  although  a  thin  incrustation  of  the  green 
carbonate  of  copper  frequently  invests  the  quartzose 
nodules. 

(6.)  Similar  alternating  beds  of  talcose  and  quartzose 
matter  have  been  wrought  at  Rai^  and  Bellar  in 

*  Mr.  Commissioner  Batten,  Official  Reports  on  the  Province  of  Kunuum^ 
(Agra,  1861,)  p.  157.  Moorcroft  and  Trebeck,  Travels  in  the  Himalayan  Pro- 
vinces, I.  p.  7. 

t  Mr.  Commissioner  Batten,  Official  Reports  on  the  Province  of  Kwfuum, 
(Agra,  1851,)  p.  313. 

X  Capt.  (now  Lieut.  Colonel)  Drummond,  Journal  of  the  Asiatic  Society,  No. 
Lxxxiii.  (1838)  p.  935.  Mr.  Commissioner  Batten,  Official  Reports  on  Kumaon, 
(Agra,  1851,)  p.  274.  Report  on  the  MetaUiferotu  Deposits  of  Kumaon  and 
Gurh$oaL  Selections  from  the  Records  of  Govemmentf  (Calcutta,  1855,)  {>•  9. 
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Gungolee,  and  have  afforded  copper-ore  in  both,  as  well 
as  a  little  blende  also  in  the  latter :  but  the  ancient 
YTorks  are  ruinous,  and  nothing  is  now  discoverable, 
save  that  the  direction  is  in  the  former  about  30"  N.  of 
E.  and  S,  of  W.,  and  in  the  latter  nearly  N.  and  S. 

(c.)  A  few  specks  of  iron  and  copper-pyrites  and  stains 
of  the  green  carbonate  of  copper  occur  in  beds  of  talc- 
slate  bearing  lO**  S.  of  E.  and  N,  of  W.,  which  alternate 
with  large  and  irregular  masses  of  dusky  siliceous  lime- 
stone at  Goron^^  near  Petoragurh.  Some  ancient 
mining  works  in  their  steep  craggy  slopes  are  now 
covered  with  rubbish. 

(rf.)  The  district  of  Seera  consists  for  the  mpst  part  of 
clay-8late,t  in  which  traces  of  copper-ore  are  numerous.  J 
Several  neighbouring  deposits  have  been  examined, 
but  continued  operations  are  confined  to  one  ;§  which — 
parallel  to  the  bedding  of  the  adjoining  rocks —  bears 
nearly  E,  and  W.,  dips  N.  about  50\  and  is  generally 
from  two  to  three  feet  wide ;  though  at  intervals  it  is 
both  enlarged  and  enriched  by  union  with  small  metal- 
liferous lines  of  quartz. 

*  "  Beside  the  bed  of  dolomite,  beds  of  talc  slate  are  found,  and  in  this  rock  is 
**  situate  the  copper  mine,  -which  is,  howeyer,  worked  on  a  very  small  scale,  pro- 
"  dudng  only  50  Rupees  per  annum." 

Captain  Hbbbbrt,  Journal  of  the  Asiatic  Society,  xii.  n.s.  (1843)  p.  cxyi. 

t  *'  At  Seera,  argillaceous  schist  prevails  *  *  *  of  a  deep  iron  black  colour, 
'*  with  straight  laminae,  very  hard  and  very  brittle." 

Captain  Hebbebt,  Ibidy  p.  cxix. 
X  Mr.  Conmiissioner  Batten,  Official  Reports  on  Kunuum,  (Agra,  1851,)  p.  281. 

{  Mr.  Commissioner  Traill,  Aeiatic  Researches j  No.  xvi.  (1828)  p.  137. 
Captain  Herbert,  Ibid^  Fart  i.  (1829)  p.  243.  Mr.  Commissioner  Lushington, 
Journal  of  the  Asiatic  Society  f  1^0,  cjJLxyin,  (1853)  p.  468.  Captain  Drummond, 
JM,  No,  Lxxxiu*  (1838)  p.  936.  Selections  from  the  Records  of  Government^ 
(CaJcutta,  I860,)  p.  10. 
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The  principal  ingredients  are  quartz  and  talc ;  but 
the  former — frequently  mixed  with  small  quantities 
of  calcareous  matter — is  by  far  the  more  abundant 
Generally  they  are  more  or  less  mixed ;  though  some- 
times one,  sometimes  the  other  mineral  almost  exclu- 
sively prevails:  but  even  then  masses  of  the  rarer  are 
commonly  imbedded  in  the  more  plentiful  constituent.* 
Often  too  mere  laminae  of  pearl-white  or  pale-yellowish 
talc  form,  as  it  were,  unctuous  joints  in  the  quartz,  and 
give  a  veined  structure  to  the  whole  mass.  Although 
iron-pyrites  is  sometimes  found  in  small  quantities, 
copper-pyrites  is  by  far  the  more  abundant  ore :  both 
— in  shoft  and  narrow  veins,  small  lumps  and  scattered 
granules, — occur  almost  exclusively  in  the  siliceous 
parts  of  the  formation.  The  richest  portions  are  however 
scarcely  ores  of  second  quality .f  Small  drusy  cavities 
are  not  uncommon ;  and  the  crystals  of  quartz  and  of 
pearl-spar  which  line  them,  are  sometimes  coated  with 
iron — and  more  rarely  with  copper — pyrites. 

Many  traces  of  ancient  mining  works  yet  remain 
near  Pokree^'^  between  Chetoa  Peepul  on  the  Alak- 
nunda  and  the  Snowy-range. 

*  "  Hand  specimens  may  be  obtained  in  which  both  substances  are  separately 
'^  observable,  as  well  as  in  mixture."     Captain  Hbbbert,  Journal  of  the* 
Asiatic  Society^  xn.  n.s.  p.  cxix. 

t  Dradffe-ioork,  Pryce,  Mineralogia  CortiubiensiSf  p.  234.  Cornwall  Geo. 
Trans,  rv.  p.  160.  Mr.  Henderson,  Proceed,  Institution  of  Civil  Engineers,  ZTii. 
1858-9,  p.  16. 

I  Captain  Herbert,  Asiatic  Researches,  Part  i.  (1829)  p.  236 ;  and  Journal  of 
the  Asiatic  Society,  xii.  n.s.  (1843)  p.  xcri. ;  Mr.  Commissioner  Traill,  Asiatic 
Researches,  xyi.  p.  130;  Lieut.  Glasfurd,  Journal  of  the  Asiatic  Society,  Ko.  xc. 
N.8.  (1839)  p.  471;  Mr.  Commissioner  Lushington,  Ibid,  xii,  n.b.  p.  455;  Mr. 
Reckendorf,  Ihid,  xiv.  p.  471 ;  Mr.  Commissioner  Batten,  Official  Reports  on 
Kumaon,  p.  152 ;  Extracts  from  the  Records  of  Government  (Calcutta,  1855),  p.  4. 
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The  rock8  of  the  district  are  talc,  clay^  and  chlorite 
slates ;  and  copper  is  found  in  them  all. 

(e.)  At  Talapoongla  the  prevailing  formation  is 
brownish  talc-slate,  occasionally  alternating  with  thin 
homogenous  laminsB  of  a  lead-blue  colour  and  silky 
lustre.*  Flakes  of  copper-pyrites, — ^now  and  then  as 
much  as  one^eighth  of  an  inch  in  width,  but  seldom 
thicker  than  paper,  or  more  than  an  inch  or  two  in 
length,  and  usually  much  shorter, — occasionally  inter- 
lie  the  other  ingredients  and  form  an  intregal  part, 
especially  of  the  lead-coloured  rock.  These  laminae  of 
ore  occur  for  the  most  part  in  a  bed  four  or  five  feet  in 
width,  parallel  to  the  adjoining  rocks,  which  are  almost 
exclusively  talcose.  They  all  exhibit  many  small 
twists  and  contortions,  but  their  general  strike  is  about 
10°  N.  of  E.  and  S.  of  W.,  and  they  dip  N.  about  10\ 
Two  series  of  joints,  bearing  respectively  about  E.  and 
W.,  and  15*  E.  of  S.  and  W.  of  N.,  traverse  indifferently 
the  earthy  and  the  metallic  members  of  the  series. 

(y.)  The  Danda  mine  is  situate  near  the  top  and 
the  Thala  at  the  bottom  of  a  rugged  and  precipitous 
mountain-side;  of  which  the  ridge  is  talc-slate,  the 
middle  chlorite-slate,  and  the  base  of  both  in  thin 
alternating  layers. 

The  same  strike — about  £.  and  W. ;  the  same  dip — 
N.  30°;  the  same  single  series  of  joints — bearing  E.N.E. 


N 


*  *'  Chloiitic  schist  ^  ^  ^  continues  to  near  Fokree,  occasionally  giving  place 
to  talcose  schist,  occasionally  to  talcose  quartz  rock.    Near  some  of  the  old 

"galleries  of  the  copper  mines  worked  here  are  beautiful  specimens  of  an  emerald 

"gieen  straight  laminar  Blate  with  high  lustre." 

Caftaik  Heebbut,  Journal  of  the  Asiatic  Socitiy,  xiu  K.8.  p.  iccn. 
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and  W.S.W. ;  and  the  same  fissile  structure,  are  com- 
moo  to  both. 

The  chlorite-slate  is  at  intervals  interlaid  with  ir- 
regular lenticular  beds  of  quartz,  few. of  which  exceed 
three  feet  in  length  or  six  iocbes  in  thickness,  and  most 
of  them  are  much  smaller.  Chloritic  matter  is  some- 
times thinly  diffused  through  the  quartz,  and  it  is  also 
spotted  witli  irou  sparingly  mingled  with  copper-pyrites, 
from  which  a  slight  efflorescence  occasioDalty  incrusts 
the  sur&ce. 

Fig.\. 


These  beds  of  metalliferous  quartz, — owing  perhaps 
to  some  play  of  affinities  having  induced  differences  of 
composition  or  structure,' — are  larger  and  more  numer- 
ous in  the  centre  than  towards  the  sides  of  the  slicet  into 
which  the  slates  are  divided  by  their  nearly  vertical 
joints.  Generally,  indeed,  each  slice  contains  its  own 
system  of  beds,  which  are  thickest  towards  the  middle 
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and  die  out  as  they  recede.  Although  in  adjoining 
masses  the  beds  are  seldom  on  the  same  plane,  one  is 
occasionally  prolonged  into  contiguous  slices;  even 
then,  however,  it  dwindles  at  the  joint  and  enlarges  in 
the  interior. 

(g.)  About  twenty  years  ago*  the  Chowmittee  mine— 
the  only  one  now  worked  in  the  neighbourhood, — ^was 
selected  for  an  experiment  at  the  expense  of  Govern- 
ment ;  and  thus, — though  neither  the  most  interesting 
nor  the  most  productive, — and  though  the  trial  Mras 
unsuccessful, — ^it  has  become  the  most  generally  known 
copper-mine  in  the  North-West  Provinces. 

Two  galleries  were  opened,  one  above  another,  by 
native  miners;  and  more  recently  under  European 
superintendence,  three  others  at  different,  but  less  eleva- 
tions ;  the  upper  of  these  is,  however,  the  only  one  now 
existing.  All  five  galleries  have  followed  the  contact 
of  differently  coloured  rocks ;  which,  bearing  about  15* 
E.  of  S.  and  W.  of  N.,  and  dipping  60*  N.  of  E.,  exactly 
coincides  veith  the  cleavage  of  both.  The  laminee  of  the 
lower  rock, —  of  homogeneous  texture,  leaden  hue, 
and  silky  lustre, — are  interlaid  by  minute  scales  of 
yellowish  talc ;  whilst  the  upper,  of  pale-buff  passing 
into  lemon  colour,  is  almost  entirely  talcose:  their 
structure,  alike,  is  extremely  fissile.  At  and  near  their 
junction  both  rocks, — but  the  lower  especially, — are 
interlamellated  sometimes  with  copper-pyritesf,  some 


*  Mr.  Commiwloner  Lnsbington,  Journal  iff  the  Aiiatie  Society,  xn.  N3.  p< 
4M;  and  Ofieiai  RtporU  on  iCwiMkm,  p.  369. 

t^n<0iP.  7. 
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times  with  purple  copper-ore,  and  more  rarely  with 
both.  The  plates  of  ore  are  generally  about  the  thick- 
ness of  paper,  but  at  times  they  widen  to  one  eighth  of 
an  inch,  and  lumps  as  big  as  a  filbert  are  occasionally, 
though  seldom,  found ;  now  and  then  as  much  as  six — 
they  are  commonly  less  than  two — inches  in  length  and 
breadth,  and  many  are  still  smaller.  Short,  thin,  and 
irregular  beds  of  quartz,  at  times  mixed  with  earthy 
brown  iron-ore  (gossan*)^  frequently  interlie  tiie  slates 
in  the  same  neighbourhood ;  and  are  not  only  trans- 
fused with  ores  similar  to  those  of  the  metalliferous 
lamins  they  touch,  but  are  spotted  with  vitreous  and 
black  copper-ore;  and  incrusted,  sparingly  with  the 
blue, — and  more  plentifiiUy  with  the  green — carbonate 
of  copper  also.  The  general  produce,  however, — 
inferior  in  quality  to  that  of  jSecra,t — would  not  be 
considered  as  ore  even  of  second  class j:  by  English 
copper-miners. 

(A.)  The  RajaKSf^  the  Thala,  and  other  small 
copper  mines  have  been  from  time  to  time  opened  in 
the  same  neighbourhood,  either  by  the  natives  or  by 
Government;  but  as  some  resemble  those  already 
described,  others  are  closed,  and  all  are  now  abandoned, 
further  mention  of  them  seems  unnecessary. 

(t.)  The  high  and  picturesque  cliff  which  forms  the 

•  Cornwall  Oeol.  Trans,  y.  p.  204. 
t  AfUtf  p.  6. 
X  Pryoe,  Mineralogia  ComybietuU,  p.  236;  Cornwall  QeoL  DroHi,  XV.  p.  166 ; 
Mr.  Henderson,  Proceedinffi  of  the  In$titution  of  Civil  Engineert,  xtiz.  (1858) 
p.  16. 

{  Mr.  Commissioner  Loshington,  Jmtmai  of  the  AnaUe  Society,  xn.  x.e.  p. 
460 ;  and  OJkial  Reporte  of  Kunuum,  p.  873. 
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left  bank  of  the  Ramgunga,  at  ^/  Agur  mine,*  some 
three  miles  north-west  of  Lohba,  an  ancient  native  fort 
now  in  ruins,  consists  of  dark-green  chlorite-elate«  of 
which  the  cleavage-planes  bear  about  S.E.  and  N.W., 
and  dip  S.W.  30%  Everywhere  more  or  less  siliceous, 
the  almost  exclusively  quartzose  character  of  one  bed, 
cropping  out  in  the  precipice,  is  varied  only  by  the 
interposition  of  some  slaty  laminse,  which,  conforming 
to  those  of  the  adjoining  rock,  thus  impress  a  veined 
or  lamellar  structure  on  the  whole.  Narrowing  from 
ten  feet  at  the  surface,  to  about  three  at  fifteen  fathoms 
deep,  the  slate,  a  conspicuous  ingredient  in  the  shal- 
lower parts  of  the  bed,  gradually  disappears  in  the 
deeper ;  and  ochrey  pale-brown  iron-ore,  of  but  occa- 
sional occurrence  at  first,  becomes  at  length  abundant. 
The  green  carbonate  is  the  only  ore  of  copper  found  in 
the  upper  part  of  the  formation ;  but,  though  seldom 
or  never  entirely  absent,  it  is  in  a  great  measure  re- 
placed by  vitreous  and  purple  ores  towards  the  bottom 
of  the  mine. 

(J.)  The  mine  of  Dhunpoorc;\  about  ten  miles 
sootb-west  of  Kurn  Pryag,  is  wrought  in  the  northern 
extremity  of  a  mountain  range  perhaps  five  thousand 
feet  above,  and  immediately  south  of  Chetoa  Peepul 
on  the  Aluknunda. 

*  Mr.  Depntj  Becket,  SeleetumB  from  the  Records  of  Government,  N.w.p. 
Part  xra.  (1863)  p.  73. 

t  Mr.  Commiuioner  TrailU  Asiatic  JResearcheSt  xvi.  p.  137*  Captain  Herbert, 
Und,  (1829)  Part  i.  p.  241 ;  Journal  qf  the  Asiatic  Society,  xii.  n.s.  p.  o.  Mr. 
Conuniasioner  Lttshi&gton,  /6mI,  p.  463.  Mr.  Reckcndorf,  Ibid^  xvi.  (1845)  p. 
474.  Mr.  Commissioner  Batten,  Official  Reports  on  Kttmaon,  p.  154.  Extracts 
from  the  Records  of  Government,  (Calcutta,  1855,)  p.  6. 
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The  slate  rock  of  the  neighbourhood,  generally  blue 
though  sometimes  buff  or  brownish,  has  mostly  a  silky 
lustre,  and — ^by  the  interposition  of  thin,  crooked,  and 
irregular  quartzose  beds — is  much  contorted,  and  ex- 
tremely fissile.*  The  quartz  is  mixed  with  calcareous 
matter,  and — though  in  smaller  proportion — the  slate 
is  seldom  destitute  of  it. 

The  laminse  bear  about  £.  and  W. ;  but  they  are  so 
distorted  that  it  is  scarcely  possible  to  assign  them  an 
amount  or  even  a  direction  of  dip.f 

A  bed  of  siliceous  limestone,:}:  sometimes  greyish- 
white,  sometimes  pink,  but  usually  of  a  pale  buff  colour, 
interlies  the  slate;  though  slightly  undulating  in 
different  directions,  and  seldom  quite  level  for  any 
great  distance,  it  may — on  tlie  whole — be  considered 
nearly  horizontal;  its  thickness  is  generally  about  a 
foot,  but  under  special  circumstances — to  be  mentioned 
presently — it  enlarges,  for  short  distances,  to  fifteen, 
and  occasionally  even  to  twenty,  feet 

The  slate  and  limestone  are  alike  traversed  by  two 
sets  of  joints ;  one— nearly  parallel  to  the  strike  of  the 
lamination — bears  about  £•  and  W. ;  the  other  between 


*  "  In  the  ascent  to  Dbunpore  quartz  rock  •  •  *  passes  •  •  •  into  a  rery 
**  thin  slaty  rock  of  a  jellowish  colour,  *  *  •  composed  apparently  of  quarts 
"  with  some  talc.  The  laminee  of  this  are  not  above  a  tenth  of  an  inch  in  thick- 
**  ness  *  •  •  e  are  often  bent  and  curved.  *  *  *  It  passes  into  argiUaceons 
**  schist  •  •  •  yariously  mixed  with  limestone  more  or  less  pure." 

Captain  Hb&be&t,  Journal  of  the  Asiatic  Societff,  xii.  N.8.  p.  xcix. 

t  "The  rock  in  the  neighbourhood  of  Dbunpore  is  distinguished  for  its 
*(  peculiar  shattered  and  fissured  aspect,  no  trace  of  stratification  being  obser- 
(*  Table  except  on  the  great  scale.  The  irregularity  of  the  strata  is  great,  and 
(( the  change  of  dip  frequent" — Ibid,  p.  c. 

%  **  This  *  *  is  evidently  connected  with  the  siliceous  limestone  on  the  Dhobree 
**  side  "  (of  the  mountain),  **  in  which  also  a  mine  is  worked,  but  the  produce  is 
<•  inconsiderable."— /&t(^,  p.  c. 
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N.  and  S.,  and  10 -16»  E.  of  N.  and  W.  of  S. ;  both 
series  are  highly  inclined,  and  in  bearing  and  dip  are 
subject  to  slight  though  frequent  flexures,  sometimes 
towards  one — sometimes  towards  the  other — side. 
Generally  speaking,  the  joints  exhibit  a  mere  contact 
of  two  smooth  faces;  in  some  places,  however,  they 
enclose  slices  of  the  rock  adjoining,  in  others  thin  plates 
of  purple-copper-ore,  and  often  the  ore  and  the  rock 
are  mixed.  The  non-metallic  ingredients,  thus  in^ 
eluded,  are  divided  into  somewhat  lenticular  mass^  Ifj- 

Fig.  2.  Section, 


Internal  Structure* 

the  undulation  and  interlacing  of  numerous 
joints,  which  are  often  lined  with  clay,  and  marked 
with  strise,  sometimes  parallel  sometimes  diverging, 
but  rarely  preserving  an  uniform  direction  either  on 
opposite  sides  of  the  same  mass,  or  even  on  the  same 
surface,  for  more  than  a  few  inches.*  At  these  inter- 
sections the  ore  is  also  usually  marked  x^ith  slicken- 
sides.f  These  enlargements  though — on  the  nearly 
N.  and  S.  or  normal  joints  especially — numerous  are 
seldom  of  great  extent ;  for  the  undulation  which  in 
one  direction  separates  the  faces,  in  the  opposite  brings 
them  again  together.  A  third  set  of  joints  bears  about 
30*  E.  of  S.  and  W.  of  N.,  but  it  is  very  slightly 
developed. 

*  ComwaU  Geol.  Trans,  y.  pp.  63, 172;  Tabk  XYzn. 
t  llrid,  p.  181 ;  TabU  xxix. 
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The  joints  of  both  the  principal  series  widen  and 
become  more  metalliferous  as  they  approach  the  nearly 
horizontal  bed  of  siliceous  limestone ;  and  small  as  they 
are  above,  they  then  often  reach  a  width  of  six  inches, 
and  are  occasionally  still  larger.*  The  characteristic 
deposits  of  ore  occur,  however,  in  neither  of  the  two 
systems  of  transverse  and  nearly  vertical  master  joints; 
j^.  s. 


cnatut  of  the  joinU  with 


nor  even  where  they  merely  intersect;  but  at  those 
points  only  where  such  intersections  meet  the  upper 
face  of  the  calcareo-siHceous  bed,-)"  which  is  generally 
thicker  at  these  places  than  elsewhere.     Tbe  rock  sur- 


Mb.  C(iTt»un.r>»%A'LMBuivaTOti,J<ninuUoftheAnatic  Society, i 
t  "  Above "  (the  hnriioiiul  vem  the  an)  "dwindln  av*r  td 
•'  leed."— iftMf,  p.  4M. 
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roanding  these  double  intersections  is  often  for  some 
distance  richly  charged  with  purple  copper-ore  and — 
less  frequently — with  copper-pyrites ;  fix)m  which  veins 
— more  pyritous  than  the  main  body — penetrate,  as 
well  the  limestone  as  the  adjoining  slate,  in  all  direc- 
tions. This  impregnation  extends — in  extreme  cases-^ 
as  much  as  twenty-five  or  even  thirty  feet,  but  generally 
less  than  half  that  distance ;  and  in  rare  instances  no 
increase  either  of  size  or  produce  accompanies  these 
double  contacts;  but  neither  joint  nor  neighbouring 
rock  is  then  metalliferous.  With  these  unimportant 
exceptions  therefore,  whether  we  approach  the  lime- 
stone on  the  line  at  which  the  two  systems  of  joints 
inteisect,  or  the  intersection  of  the  joints  on  the  plane 
of  the  limestone,  the  width  and  riches  of  the  joints 
simultaneously  increase.    As  the  joints  of  each  system 


Fig,^, 


DHX7NP00BB  XIKB. 


Plan. 


A  Calcareo-BiliceoTLs  slate.        a  JoinU  E.  and  W. 

Z  Mastei  of  copper-ore.  b  JoiBt8E.of  N.  andW.  of  S. 

preserve  a  parallelism  amongst  themselves^  and  the 
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systems  are  nearly  at  right  angles  to  one  another,  whilst 
the  ore  occurs  chiefly  at  their  intersections ;  the  forma- 
tion has  somewhat  the  appearance  of  a  chess-board 
with  spots  at  the  angles  of  each  division,  which  is  in 
fact  rather  rhombic  than  square.  From  the  same  point 
therefore,  the  little  masses  of  ore  present  on  one  view 
a  parallel,  on  the  other  a  transverse,  disposition. 
This  symmetrical  arrangement  on  a  still  larger  scale 
has  long  been  recognised  in  Cornwall,  in  the  proverbial 
phrase  of  *'  ore  against  ore."* 

The  limestone  as  well  as  the  slates  above  and  beneath 
it  have  been  long  and  carefully  examined  by  native 
miners ;  but  as  the  upper  have  been  the  most  productive 
— they  have  also  been  the  most  constantly  and  ex- 
tensively wrought — parts  of  both  formations ;  to  them, 
therefore,  these  remarks  exclusively  relate. 

I  cannot  leave  Dhunpoore  without  mention  of  the 
view  it  commands,f  which — once  seen— can  never  be 
forgotten. 

More  than  five  thousand  feet  beneath,  the  Aluknunda 
fresh  from  the  snows  rushes  through  a  yawning  chasm 


•  Mr.  Came,  Com.  GeoL  Trans,  in.  p.  78 ;  Ibid,  y.  pp.  87*,  215,  233. 

t  **Tlie  Tiew  firom  the  crest  of  the  Dhnnpoor  ridge  is  beyond  description, 
(•beantiftil  and  msjestic.  The  great  castellated  peaks  of  Budrinath  rise  directly 
<*  in  front  of  the  spectator,  and  on  either  side  of  these  as  far  as  the  eye  can  reach, 
**  appears  a  long  succession  of  other  snowy  peaks,  Tarying  in  form  and  altitude ; 
*'  hut  all  and  each  surpassingly  grand  and  sublime.  Oungotri,  Kedamath,  and 
« Budrinath  to  the  left,  Trisool,  Nundaderi,  Puryehoola,  and  Kylas  to  the 
«  right,  ftdly  merit  the  title  bestowed  upon  them  by  the  Shastra,  of  *  Mountain 
"  Kings.'  " 
M&.  CoxMissioNBE  LxrsHDfOTOK,  Jomwdoftht  AnaHe  Soeuiyf  xxz.  v.8.  p.  468. 

"  The  Dhunpoore  range  is  noted  for  its  magnificent  scenery." 

Mk.  Cokmibbiokbr  Battbk,  OJkial  HeporU  on  Kumaon,  p.  154. 
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towards  the  low-lands ;  where,  sood  abating  its  fury, 
it  quietly  meanders  amidst  smiling  meadows. 

The  sugar-cane  flourishes,  and  plantain,  orange, 
pomegranate,  apricot,  and  other  fruit  trees  thrive  in 
many  warm  valleys  and  deep  secluded  glens,  amid 
the  broken  mountainous  tract,  which  rises  in  successive 
ridges  from  the  river  to  the  limits  of  vegetation ;  and, 
though  still  the  haunt  of  tigers,  bears,  and  other  beasts 
of  prey,*  is  oflen  richly  wooded,  and  sprinkled  with 
terraced  corn-fields,  pastures,  and  villages. 

Seemingly  almost  within  hail,  but  really  twelve  or 
fifteen  miles  distant,  the  forests  are  succeeded  by  snows ; 
over  which — as  far  as  the  eye  can  reach — the  view  ex- 
tends not  only  to  the  highest  peaks  of  the  Himalayas 
— the  boundary  of  British  India — and  through  the 
passes  between  them  into  Thibet,  on  the  north ;  but  far 
beyond  the  frontier  of  Nepal  on  the  east,  and  to  the 
ridges  of  Jumnotree  on  the  west.  The  general  elevation 
of  the  region  is  from  twelve  to  twenty  thousand  feet ; 
though  its  highest  ranges  exceed  twenty-five  thousand.t 
A  few  steeps  and  clifis  of  naked  rock  alone  pierce  the 
perpetual  snows,  which  cover  the  thousand  square 
miles  of  this  awful  but  magnificent  solitude. 


•  "  Owing  to  the  sitoation  of  some  of  the  Tillagee  near  the  forest,  and  the 
<*  difSenlty  experienced  by  the  few  inhabitants  in  presenring  themselves  and  their 
"  crops  from  tiie  rayages  of  wild  beasts,  a  decrease  of  the  Government  demand 
•*♦  •  •  was  found  necessary." 

Mb.  C01CKI8810KB&  Battbk,  CffieitU  ReporU  on  Kumaon,  p.  163. 

t  "In  a  line  of  500  miles  two  snmmits  are  found  exceeding  five  miles  in 
"  perpendicular  height,  •  e  e  connected  to  appearance  by  a  regular  series  of 
**  peaks  of  very  little  inferior  elevation.  *  *  *  If  we  confine  ourselves  to  21,000 
"  feet,  we  may  find  a  connected  line  of  such  peaks  extending  through  a  distance 
"of  1,000  miles." 

Caftazh  Hsbbsbt,  Journal  of  the  AMiaHe  SoeUtff,  xxi«.ih0.  p.  zxn. 


\ 


18         W.  J.  Hem  WOOD,  an  the  MetaUiferaus 

(k.)  Near  Tarag^ke^Taly*  a  small  lake  which  sapplies 
a  tributary  to  the  Ramgunga  about  two  miles  east  of 
Gunnai,  small  quantities  of  copper-ore  occur  in  a  cliff, 
the  brow  of  which  is  grey  siliceous  limestone,  and  the 
base  of  mottled  grey  and  white  calcareo*siliceous  slate ; 
the  strike  of  the  beds  is  S.E.  and  N.W.,  and  their  dip 
— S.W.  about  30%  One  series  of  joints  is  parallel  to 
the  slaty  structure,  another  bears  10** — 15*  W.  of  N. ; 
both  are  faced  with  unctuous  clay,  and  their  outcrop 
is  incrusted  with  calcareous  stalagmites,  occasionally 
tinged  with  the  green  carbonate  of  copper.  The 
metalliferous  bed—  eight  or  nine  feet  in  thickness — is 
parallel  both  in  bearing  and  in  dip  to  the  adjoining 
slate,  and  differs  from  it  only  in  being  more  siliceous 
towards  the  middle,  and  more  calcareous  at  the  sides. 
The  quartzose  ingredients  are  thinly  spotted  with  cop- 
per-pyrites, and  small  quantities  of  the  green  carbonate 
of  copper  occur  amongst  the  calciferous  slate  beneath. 

Copper-ore  has  been  wrought  in  a  few  other  locali- 
ties ;  but  it  is  even  less  plentiful  in  them,  than  in  those 
already  described. 

(B.)  Iron-ore  abounds  in  many  parts  of  both  Pro- 
vinces ;  but  hitherto  it  has  not  been  found  as  deep  as 
the  gneiss  formation. 

The  district  of  Chowgurhka  exhibits  many  traces 
of  ancient  mining,  and  a  few  iron-mines  are  still 
wrought  there;  they  are,  however,  so  far  apart  that 
the  metalliferous  deposits  have  been   traced  neither 

*  Mr.  Commissioner  Batten,  Official  Reports  on  Kumaont  p.  317.    ExtracU 
from  the  Reoorda  of  Gov0mment  (Calcatta,  1865),  p.  8. 
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throughout  the  district,  nor  even  from  one  mine  to 
another. 

(a.)  The  furnaces  at  Nadhoolee  are  in  great  measure, 
and  those  of  Maarum  are  entirely, — supplied  with  ore 
from  the  Sahloo  mine,  an  open-work  in  a  massive 
talcose  rock  near  Dhoora  Devi.*  Operations  have  Ex- 
tended to  a  depth  of  nine  fathoms,  and — without  having 
reached  the  lower  (footywall — to  a  width  of  nine  or 
ten  feet,  on  a  bed  which  bears  nearly  N.  and  S., — dips 
E,  60* — 68*, — and  consists  principally  of  compact  but 
partly  also  of  earthy-brown  iron-ore;  mixed  with 
quartz,  in  greater  or  smaller  proportion  throughout,t 
especially  towards  the  interior.  Lumps  of  copper 
pyrites,  sometimes  associated  with  purple  copper-ore, 
are — at  intervals — ^imbedded  in  the  iron-ore,  in  which 
likewise  drusy  cavities  are  occasionally  lined  with  the 
rhomboidal  arseniate  of  copper.  The  quantity  of  cop- 
per-ore is  however  so  small  that  it  has  attracted  but 
little  attention.^: 

(&•)  At  Agur^\  in  the  same  district,  lai^e  isolated 

•  On  the  edge  of  a  imall  grasey  glade,  a  temple, — tliree  tall  sculptured  stones, 
—a  slate  cromleeh^ — and  one  of  the  large  iroA'^hain  swth^e— often  seen  in  places 
held  holy  hj  the  natives,  are  shaded  by  a  sacred  grove  of  noble  Deodars  (Pimu 
DtodiuraJ,  under  which  I  encamped  at  Dhoora  Devi. 

t  Professor  Warington  W.  Smyth,  Quarterly  Journal,  Geol.  Soo.  xt.  p.  107. 

t  ExtracU  from  the  Seoordt  <(f  Choemmmt  (Calcutta,  1855),  p.  22. 

}  A  temple  of  rude  workmanship  and  several  small  cromlechs  of  slate  have 
been  set  up  in  Hm  oak  (Qt^arew  semeearpijbliaj  forest  at  Agur.  Some  of  the 
eromlechs  are  horisontal,  but  others  are  indined  at  angles  of  from  thirty  to  forty 
degrees.  **  The  flat^topped  eromlechs  are  used  indifferently  as  altars  or  as  seats ; 
"for  though  sometimes  covered  with  offerings  of  rice  and  flowers,  the  natives 
"  JQst  as  often  sit  and  rest  their  burdens  on  them.  The  inclined  ones  generally 
"  rest  on  the  ground  at  one  end,  and  are  propped  at  the  sides  in  such  a  manner 
**  that  about  two-thirds  of  the  ckoumference  is  sheltered.  Under  these  are  sus- 
"  pended  smaU  rudely  made  iron  lamps,  which  generally  contain  oil,  but  are 
'*  lighted  only  when  religious  rites  are  solemniied." 

Proceedingi  of  the  Royal  IntHtuHon  of  Cornwall  (1865),  p.  20. 

EtirtieUjtom  the  JUoorda  of  Qovemmeni  (Caleatta,  1855),  p.  23. 

d2 
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masses  of  compact — and  considerable  quantities  of 
scaly — brown  iron-ores  occur  in  a  matrix  of  talc  about 
two  feet  in  thickness;  which — coinciding  with  the 
structure  of  the  adjoining  talc-slate — ^bears  nearly  S.E. 
and  N.W.,  and  dips  S.W.  15— 20\» 

(c.)  At  Luttea  Gar^  an  abandoned  mine  in  the  same 
neighbourhood,t  the  refuse — ^consisting  of  cellular  and 
friable  quartz,  mixed  with  earthy-brown  iron-ore  (gos- 
san)"^— contains  stones  of  copper-pyrites  and  is  spotted 
with  the  green  carbonate  of  copper. 

(ci.)  The  Bunna  mine  near  Ockulgurh  is  wrought 
for  some  fifteen  fathoms  in  length,  and  to  about  forty- 
five  in  depth,  from  four  openings— one  above  another 
— in  the  side  of  a  mountain  which  bounds  the  Punaar 
valley  on  the  north.  The  rock — consisting  of  pale 
yellowish  talc  and  quartz — is  of  thick  lamellar  struc- 
ture ;  its  beds — like  those  of  the  metalliferous  deposit 
which  interlie  them — bear  about  16'  S,  of  E.  and  N. 
of  W.,  and  dip  40* — 70*  S.  The  ore — exclusively 
specular-iron — ^is  but  slightly  mixed  with  the  adjoining 
ingredients,^  and  is  from  ten  to  twelve  feet  in  width. 
Towards  the  bottom  of  the  mine  it  is  divided  into  two 
— of  which  the  lower  portion  is  much  the  thinner — by 
a  (horse)  mass  of  rock,  similar  in  composition  to  that 
of  the  (walls)  sides,  and  coincident  both  with  it  and 
with  the  scales  of  ore  in  lamination.     Eastward  this 

•  ExiraeU  from  the  Reoordi  of  Government  (Calcutta,  IS65),  p.  23. 
t  Official  Reporta  on  Kumaon,  p.  318.  %  Cornwall  Geol.  Trans,  t.  p.  204. 

{  The  only  difference  between  this  formation  and  the  JaeoUnga  of  BraxO,  is 
in  the  former  containing  neither  Manganese  nor  Gold,  whilst  the  latter  afibrds 
both. 
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included  slice  of  talcose  rock  maintains  a  tolerably 
uniform  thickness  of  between  two  and  three  feet ;  but 
westward  ft  becomes  gradually  narrower  and  ultimately 
dies  out,  as  it  also  does  upward, — disappearing  at  some 
distance  from  the  surface. 

Somewhat  lower  in  the  series  the  rocks  are  almost 
entirely  quartzose,  and  are  then  largely  used  in  the 
construction  of  furnaces. 

(e.)  The  district  of  Agur,*  long  the  most  extensive 
field  of  mining  industry  in  Kumaon,  though  still  rich 
in  iron-ore,  is  now  reduced  to  comparative  insignifi- 
cance, by  a  thriftless  destruction  of  the  forests,  which 
has  at  length  deprived  the  smelters  of  fuel.  The  prevail- 
ii^  rock  is  talcose-slate ;  always  more  or  less  quartzose^f 
on  the  north ;  but  often  alternating  with  layers  of  clay- 
slate  towards  the  south.     Although  the  beds  have  a 


•  M  j||£  ^villages  of  Agur,  whence  the  inhabitants  are  called  Agureee,  belong 
"  to  the  tribe  of  Sone*,  whose  especial  avocation  is,  the  working  of  the  iron  mines 
"  and  preparing  the  ore,  not  only  of  the  Lohakote  ridge  itself,  but  throughout 
u  the  province.  They  are  Soodras  by  caste,  and  will  not  labor  at  the  actual  work 
"of  Man  or  blackimiihs.  •  *  •  The  Agurees  remain  at  home  from  May  till 
**  NoTcmber,  and  during  the  rest  of  the  year  they  and  their  families  are  to  be 
*'  found  at  the  sereral  mines,  some  of  the  best  of  which  are  to  be  found  in  Ram- 
*'  gurh  itself.  The  main  body,  after  sowing  their  wheat  and  barley,  however, 
"  eoDect  at  Khetsaree,  where  the  mild  climate  and  cheap  food,  besides  tiie  plentiful 
"  (wes,  hold  out  great  attractions.  •  •  •  The  terms  on  which  the  lessees  of  the 
«•  mines  are  obliged^  in  the  absence  of  competitors,  to  engage  the  SoneSf  are 
"kigihly  favourable  to  the  latter." 

Mb.  C0KMIS8IONBB  Battbst,  Offieial  Reports  on  Kumaon^  p.  303. 

t  ^  Below  the  pass  we  have  a  white  schistose  quartz  rock  of  rather  arenaceous 
"  composition,  •  *  *  wluch  evidently  contains  talc,  •  •  e  and  perhaps  some 
"felspar." 

Captaut  Hbbbb&t,  Jowmal  of  the  Anatie  Society,  xiL  N.8.  (1843)  p.  zciv ; 
AskUie  JUsearekes,  i.  p.  255. 
"  ft«*fc  mines  of  red  hematite  are  found  and  worked  in  the  quarts  rock.** 

CAPTAizr  SxSACHBT,  Quorterfy  Journal  of  the  Geol.  Soc.,  vu.  (1851)  p.  208. 
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prevailing  direction  of  lO*— 20*  E.  of  S,  and  W.  of  N.; 
portions  of  their  numerous  short  and  abrupt  flexures 
bear  nearly  at  right  angles  to  the  general  strike. 
Within  a  distance  of  about  six  miles  the  iron-mines  of 
Shealgary  Gtuirocaolee^  Lusghanee^  Nutoa  Kanh^ 
Galldj  Dhoora  Kanhi,  Capud,  Choocooth^  Bunna^ 
Purturburdf  and  others,  are  wrought — sometimes  as 
much  as  twenty  fathoms  deep,  but  generally  much 
less— on  the  same  bed,  or  system  of  beds  of  ore, — 
which,— oblique,  as  well  to  the  mountain-range  it  tra- 
verses, as  to  the  glens  and  deep  ravines  which  furrow  its 
sides, — seldom  differs  widely  from  the  strata  in  general 
direction,  though  they  are  rarely  quite  parallel*  except 
where  they  touch.  For  a  short  distance  on  either  side 
of  the  iron-formation  the  rocks  cease 
to  maintain  their  ordinary  bearing; 
and  approximating  more  and  more 
closely  to  its  strike  and  dip  as  the 
distance  between  them  diminishes, 
they  assume — at  length — an  almost 
perfect  parallelism  at  their  contact 
But  small  as  the  extent  of  this  paral- 
lelism in  each  case  necessarily  is, 
every  rock  of  the  district  assumes 
in  its  turn  a  similar  position ;  and 
whether  the  iron-formation  be  ap- 
proached on  one  side  or  other  in  the 
normal  direction  of  the  strata,  their 
deflected   portions  which   adjoin   it, 


Fig.  6. 


Pkm, 


a  Bed  of  iron-ore. 


Captain  Herbert,  Jitumalofth^  Anatic  Soeitfy,  xn.  ir.8.  (1848)  p.  xcnz. 
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the  apt  mining  language  of  Cornwall — found 
on  the  left-hand.* 

The  rich  repository  of  Nutoa  Kanh  the  metalliferous 
deposit  consisting  in  great  measure  of  specular  iron-ore, 
mixed  with  some  quartz,  and  a  little  talc,  is  for  some 
distance  divided  into  four  separate  beds  by  lenticular 
layers  of  quartzose  talc-slate,  similar  to  that  on  either 
side*  These  however  soon  die  out,  and  within  a  few 
fethoms  the  beds  of  ore  re-unite,  both  in  length  and 
depth. 

The  mutual  relations,  universal  between  metalliferous 
deposits  and  the  rocks  which  adjoin  them,f  are  seldom 
so  manifest  as  they  are  in  this  district.  The  iron  for- 
mation— ^though  exhibiting  many  inflections — main- 
tains a  general  direction  about  25*— 40"*  E.  of  S.  and 
W.  of  N. ;  and  whilst  partaking — ^more  or  less — the 


*  Ifr.  Thomag,  Report  en  a  Surveg  of  the  Mining  Dietriet  of  ComwaU  (1819), 
p.  22,  Note.  Mr.  Came,  ComwaU  Oeol,  JVane.,  ii.  p.  86.  My  own  Papers, 
Ibid,  T.  p.  6, 

f  Carew,  Survey  of  Cornwall  (1602);  Price's  Edition,  p.  10;' Lord  Be 
DonstantiUe's  Edition,  p.  33.  Borlase,  Natvaral  Bietory  of  ComwaU  (1758), 
p.  147.  "Prjtef  Mineraloffia  Comubierute,  p.  94.  M.  Jars,  Voyages  M^tal- 
iurgiqaes,  m.  p.  190.  Dr.  Thomson,  Thtvele  m  Sweden,  pp.  218,  220.  Dr. 
Berger,  Oeol,  TVofw.,  x.  p.  164.  Mr.  Came,  ComwaU  Oeol,  Trane,,  iii.  p.  78. 
Dr.  Boase,  lUd^  it.  p.  441 ;  and  Primaty  Oeoloffy,  p.  168.  Prof.  Sedgwick,— 
Address  to  the  Geological  8ociety,~PAa.  Maff.  and  Antuds,  ix.  (1831),  p.  284. 
Mr.  Taylor,  Beporte  of  the  BriHeh  AuoeiaHon,  xi.  (1833)  p.  23.  lir.  Burr, 
Mining  Beview,  No.  Tm.  (1836)  p.  218.  Mr.  Fox,  lUportofthe  Bogal  ComwaU 
Polgteeknie  Society  (1836),  p.  84.  Mr.  Bakewell,  Inirodueiion  to  Geology  (4th 
Edit.),  p.  430.  Dr.Maeeulloch,  ^««0m(2f  6ao2o^,i.p.386.  Professor  Phillips, 
Eneydop,  Meirop.  Oeology,  p.  772;  Eneyekp,  BrOan,  (reprint),  p.  272;  Cabinet 
Cydop,,  II.  p.  184.  Sir  H.  T.  De  la  Beche,  Geological  Manual  (3rd  Edit),  p.  492 ; 
Jttiearehee  m  TheoreHeal  Geology,  p.  218 ;  Report  on  ComwaU,  Sfc,,  p.  335.  M. 
Domeyko,  Annalee  dee  Minee  (4me  s^e),  iz.  p.  437.  M.  Moissenet,  Ibid  (5me 
■crie),  XI.  p.  418.  My  own  Papers,  Phil,  Mag,  and  Annalt,  x.  (1831)  p.  460 ; 
Edin,  New  PhU.  Journal,  xxii.  pp.  156,  271 ;  Annate  of  EleetHeiiy,  i.  p.  124; 
Atmalet  dee  Minae,  xi.  (1837)  p.  686 ;  Cornwall  GeoL  Trans.,  t.  p.  189. 
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mineral  composition  of  every  rock  in  the  district,  as  it 
touches  each  in  succession^  it  imparts  at  the  same  time 
its  characteristic  colouring  to  the  adjoining  portions  of 
all.  Nor  are  the  changes  in  its  metallic,  less  marked 
than  those  of  its  earthy,  ingredients ;  for  yielding  the 
micaceous  variety  of  specular  iron*ore  only  whilst 
amongst  the  quartzose  talc-slates  of  Nutoa  Kanh  and 
other  mines  north  of  the  Ramgurh  or  Khuma  valley; 
in  the  alternating  talc  and  clay*slates  of  Bunni  and 
Purturburh  on  the  south,  the  brown  and  magnetic  ores 
alone  prevail.  But,  though  this  bed  has  been  examined 
in  every  part  of  its  course ;  in  common  with  all  other 
metalliferous  deposits,  it  is  rich  at  intervals  only.  Its 
different  connexions  and  changes  are  however  briefly 
shown  in  the  accompanying  columns.  (Table  i.) 
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The  thinly  laminated  rocks  which  overlie  the  great 
iron-formation  consist,  for  the  most  part,  of  quartz  and 
micaceous  specular  iron-ore  in  almost  iunumerable 
alternations.  Gradually,  however,  the  latter  is  replaced 
by  chlorite  or  some  kindred  mineral*  of  bluish-green 
colour;  and  at  the  same  time,  lime  becomes  an  ingre- 

dient.t 

(y.)  At  Pahhey  near  the  village  of  Ramgurh,  a 
glossy  blue  homogeneous  slate  is  interlaid  by  a  bed  of 
micaceous  specular  iron-ore  about  two  feet  in  thicknesSj;]; 
which  bears  about  S.E.  and  N.W.  and  dips  towards  the 
N.E.,  but  whether  it  is  independent  of  or  subordinate 
to  the  great  iron-formation  of  the  district,  has  not  been 
ascertained. 

(^•)  About  two  miles  from  the  mines  of  Bunna^  on 
the  east,  Agur^  on  the  west,  and  about  twice  that 
distance  from  the  nearest  mine  in  the  Ramgurh  or 
Agur  district,^ — all  in  rocks  more  or  less  talcose, — 
the  mine  of  Pahhe** — the  second  of  that  name — ii» 
wrought,  in  clay-slate,  within  the  district  of  Kalee 

*  "  Below  the  pau,  we  have  a  white  schistose  quartz-rock  of  rather  arenaceous 
"composition." 

Captain  Hbbbbbt,  Journal  of  the  Asiatic  Societyt  xii.  n.s.  p.  xciii. 

t  "  It  is  exchanged  for  a  very  hard  bluish-grey  rock,  with  much  the  external 
'*  aspect  of  limestone,  but  non-effexrescenti  or  yery  rarely  so,  and  in  a  low  de- 
"  gree."— iWrf,  p.  xciu. 

X  "  At  Ramgir,  on  the  road  from  Bham&ori  to  Almorah,  the  red  haematite 
"passes  into  the  yariety  called  scaly  iron-ore,  consisting  of  loosely  cohering 
"  glimmering  particles  of  a  steel-grey  or  iron-black  colour,  strongly  soiling  and 
"  feeling  unctuous  to  the  touch.  This  bed,  though  distant  many  miles  from  that 
"  at  Bhaniakdt,  is,  I  think,  connected  with  it  beneath,  and  the  two  form  one  and 
"the  same  deposit."    Captain  Hbrbbbt,  Asiatic  Researches,  i.  p.  254. 

i  Ante,  p.  20.  ||  Ante,  p.  19.  H  Ante,  p.  21. 

**  ExtfueU  from  the  Becords  of  Government  (Calcutta,  1855),  p.  21. 
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Kumaon,  on  one  of  the  upper  tributaries  of  the  Panaar. 

JDipping,  as  the  bed  of  ore  dips,  18' — 20'  N.W.,  and 
parallel  in  direction  as  well  to  it,  as  in  great  measure 
to  tbe  undulations  of  the  surface,  the  laminee  bear  in 
some  places  10"*  N.  of  E.  and  S.  of  W.,  and  in  others 
about  N.E.  and  S.W.    The  general  texture  of  the  rock 
is  homogeneous,  and  the  colour  dark  blue ;  occasionally 
however  it  is  interfoliated  with  thin  plates  of  quartz 
and  ferruginous  clay,  and  has  then  a  chocolate-brown 
hue.     The  rock  and  the  ore  are  alike  traversed  by  two 
series  of  joints ;  one  bearing  nearly  S.E*  and  N.W., 
the  other  25'  E.  of  N.  and  W.  of  S. 

Though  many  acres  of  the  surface  exhibit  numerous 
traces  of  ancient  mining,  operations  are  at  present 
limited  to  the  neighbourhood  of  two  shafts,  which  have 
been  sunk  to  a  depth  of  about  twelve  fathoms,  on  a  bed 
of  compact  brown  iron-ore,  often  mixed  with  quartz, 
and  frequently  also  with  slaty  matter;   its  thickness 
varies  from  a  foot  and  a  half  to  three  feet,  and  may 
average  about  two  feet.    Thin  laminae  of  iron-ore  inter- 
lie  the  rock  on  either  side  of  the  principal  bed,  and  in 
them  small  quantities  of  copper-pyrites  are  occasionally 
found. 

(A.)  At  Mungla  Lekh*  in  the  district  of  Dheeanee- 
row,  innumerable  indications  of  mining  occupy  an  area 
of  perhaps  half  a  mile  square  in  the  clay-slate,  which 


•  «  There  are  iron-mines  at  Munglalekh  in  Dheeanee-row,  of  which  the  ore  is 
"  8ud  to  be  the  best  in  the  proTince ;  certainly  the  iron  made  i^om  it  is  most 
"  esteemed  by  the  plains  traders." 

Mr.  Commissiombr  Batten,  Official  Reports  on  Kwnaan,  p.  290w 

Extrads  from  the  Records  of  OovemmetU  (Calcutta,  1855)^  p.  20» 
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succeeds  the  mica  slate  penetrated  by  granite-veins,* 
subordinate  to  the  granite  of  Deo  (Devi)  Dhoora.t 


•  AfOe,  p.  3. 

t  <<  The  temples  and  other  objects  of  Pagan  worship  on  the  summit  of  Deo 
"(Devi)  Dhoora,  a  granitic  mountain  some  miles  south*east  of  Ahnora,  are 
"  considered  of  peculiar  sanctity,  and  much  visited  by  Hindoo  devotees.  With- 
"  out, — ^but  very  near, — the  shorter  sides  of  an  oblong  square  enolosurci  sur- 
"  rounding  the  two  principal  temples,  which  face  opposite  points,  as  well  as  in 
**  front  of  a  smaller  place  of  worship,  about  a  furlong  to  the  south-east,  three 
"large  blocks  of  granite,  respectively  about  four  feet,  two  feet  and  a  half,  and 
"  one  foot  above  the  general  surface,  afford  tolerably  level  spaces  of  several  feet 
"  area.  The  upper  face  of  each  exhibits  five  pits  or  basons  of  about  a  foot  in 
"  depth  and  six  or  eight  inches  in  diameter ;  their  brims  are  sharply  cut,  their 
"  sides  are  perfectly  smooth,  and  no  trace  of  disint^ration  appears  in  either  of 
"them.  Without  symetrical  positions  and  at  irregular  distances  from  each 
"  other, — they  are  evidently  artificial ;  but  neither  the  priests  of  the  temples  nor 
**  my  native  attendants  were  disposed  to  satisfy  enquiries  as  to  their  uses,  or 
"  indeed  relative  to  their  religious  rites  generally. 

"The  small  south-eastern  place  of  worship, — about  twelve  or  fourteen  feet 
"long,  by  perhaps  eight  in  breadth  and  height, — differs  but  little  from  the 
"ordinary  dwellings  of  the  natives.  It  is  divided  within  by  railings  into  two 
"  unequal  parts,  of  which  the  larger  is  for  the  priests  and  the  smaller  for  their 
"  congr^ataon.  A  closed  cell  was  observed  on  one  side,  and  a  quantity  of  ashes 
«  on  the  floor  of  the  former ;  the  latter  was  empty. 

"When  this  district  was  overrun  by  Mahomedan  conquerors,  many  of  the 
"  Hindoo  temples  were  destroyed,  and  most  of  their  idols  were  broken ;  the  sacred 
"  edifices  axe  therefore  now  frequently  made  of  wood.  One  of  these  wooden 
"  buildings  has  been  erected  within  the  holy  precincts  at  Deo  Dhoora,  which  are 
"  however  still  strewed  with  richly-cut  stones  of  the  original  temple.  One  ancient 
"  place  of  native  worship  there,  the  most  ruthless  destroyer  would  find  it  difficult 
"  to  mutilate.  Two  masses  of  granite  of  more  than  fifty  feet  square  each,  por- 
"  tions  of  a  romantic  cairn,  rise  from  the  verge  of  a  precipice :  apart  downward, 
"  they  touch  above,  and  thus  form  a  stupendous  natural  portal  to  a  small  cavern 
"  in  the  rock.  With  admirable  adaptation,  a  long  flight  of  broad  rough  steps 
"  leads  to  this  frowning  entrance :  but  the  expectations  raised  at  its  Cyclopean 
"  porch  are  disappointed  by  the  straitened  dimensions  of  the  temple  within;  which 
*'  is  lighted  only  through  the  doorway  and  through  crevices  in  the  rocky  roof. 
"Rice  and  flowers  were  offered  on  a  low  stone  altar  before  the  mutilated  idol— 
"  a  semi-human  figure  with  the  legs  folded  beneath — a  representation  of  some 
"Incarnation  of  the  Hindoo  deity.  A  sacrifice  had  been  offered  by  one  of  my 
"native  attendants  but  a  few  minutes  before  I  entered  the  temple;  and  it  was 
"  not  without  horror  and  disgust  that— on  becoming  accustomed  to  the  twilight 
"  within — I  found  myself  steeping  in  the  blood  of  the  victim  which  spattered  the 
"  sides,  and  formed  a  pool  on  the  floor.  The  remains  of  several  small  granite- 
**  built  shrines  still  exist  on  the  same  rocky  surface  in  which  the  rock-basons 
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Sometimes  of  a  dull  pale — sometimes  of  a  glossy 
dark-blue  colour,  but  generally  more  or  less  mottled 
with  bothy  the  rock  is  of  thick  lamellar  structure ;  its 
beds,  like  those  of  ore  which  interlie  them,  bearing 
about  E.  and  W.,  and  dipping  18° — 40°  N. 

Resembling  the  neighbouring  rock,  as  well  in  com- 
position and  structure,  as  in  bearing  and  dip;  three 
layers  of  slate, — the  widest  about  five, — and  the  others 
perhaps  two — feet  in  thickness;  alternate  with  four 
parallel  bands  of  ore ;  the  largest  of  them  nearly  six, — 
the  others — ^varying  from  a  foot  and  a  half  to  three — 

"  have  been  sank  near  this  natural  temple,  and  each  containi  a  firagment  of  an 
"idol. 

"  Close  at  hand,  also,  a  stone  of  abont  ten  tons  in  weight,  evidently  once  a 
** logan-roeh,  lies  overthrown;  and  at  least  four  other  similar  rooks, — ^which 
'*  equally  bear  traces  of  having  been  purposely  upset,  crown  wild  picturesquo 
"granite  cairns  in  the  neighbourhood.  An  isolated  granite  rock  of  perhaps 
"  twelve  or  fourteen  feet  in  height  and  six  feet  in  diameter  on  an  elevated  part 
"  of  the  mountain,  about  a  mile  from  the  temples,  is  still  an  object  of  worship. 

"  In  front  of  the  small  south-eastern  place  of  worship,  and  very  near  the  rock- 
f '  basons,  are  two  cromlechs ;  the  larger — an  oblong  square  of  five  feet  in  length 
"  and  two  feet  and  a  half  in  width  is  supported  horiiontally  at  rather  less  than 
"  three  feet  from  the  ground  on  six  vertical  stones : — ^the  smaller — a  triangle  of 
"  perhaps  two  feet  and  a  half  side  is  sustained  at  an  angle  of  about  thirty  degprees 
"  from  the  horizon ;  by  props  at  the  two  inclined  sides  and  by  one  comer  resting 
"  on  the  ground ;  the  space  beneath  thus  partially  sheltered  fVom  the  wind  for 
"  perhaps  two-thirds  of  its  circumference  contains  a  small  iron  lamp  of  rude  and 
"  primitive  workmanship.  Whatever  the  rocks  in  their  respective  neighbour- 
"  hoods,  the  cromlechs  are  always  of  slate.  In  Cornwall,  on  the  contrary,  there 
*<  is  but  a  single  cromlech  (of  schorl-rock-^ Cap0/>  which  is  not  of  granite ;  and 
"  but  two — the  Trethevy-stone  near  Liskeard  and  the  Coyte  near  Saint  Columb— 
«  beyond  the  limits  of  the  granite  formation. 

"  One  of  the  large  iron-chain  ateings  so  often  found  in  the  holy-places  of  the 
"  natives  (Ante,  p.  19,  note),  hung  over  the  basoned-rock  in  front  of  the  principal 
"  temple,  and  was  in  constant  requisition  by  the  worshippers. 

'*  It  is  vain  for  me  to  offer  an  idea  of  the  rich,  wild  scenery  of  the  cairn  which 
"  forms  the  roof  of  this  singular  temple ;  enormous  blocks  of  granite  of  the 
*'most  picturesque  forms  are  piled  in  the  strangest  confusion :  flowering  peor- 
"  trees,  blossoming  walnuts,  and  noble  gnarled  oaks  spring  Arom  the  crevices, 
"  and  patriarchal  deodars  overshadow  the  whole." 

My  own  paper,  Proceedings  of  the  Royal  Inttitution  of  ComwaU  (1855),  p,  19. 
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ayeraging  some  two  feet  in  width.  These  are  wrought, 
in  four  separate  mines,  to  depths  of  from  about  four — 
to  fourteen — fathoms.  The  ore  most  prevalent  in  all 
these  beds  is  the  micaceous  variety  of  specular  iron,  in 
which  octohedral  crystals  of  oxydulated  iron-ore  are 
frequently  imbedded ;  and,  in  either  parallel — though 
subordinate — flayers,  or  irregular  dispersed  masses, — 
brown  iron-ore— often  mixed  with  quartz,  is  also  abun- 
dant. 

(t.)  The  most  extensive  field  of  Mining  industry  in 
Kumaon  is  on  the  north-eastern  side  of  Kotelar  and 
Khetsaree,*  valleys  in  the  division  of  Palee  Puchaon ; 
which,  commencing — the  one  near  Dwarra  Hath  on 
the  south-east, — the  other  at  Simul-khett  in  Ghurwal 
on  the  north-west, — points  sixteen  miles  apart,—  meet, 
and  discharge  their  tribute  to  the  Ramgunga,  at 
Gunnai. 

A  small  extent  of  granitic  gneiss  and  brownish-buff 
coloured  micaceous  slate ;{;  connects  the  granite  of 

*  Captain  Herbert,  Atiaiio  IU8€arohe9,  i.  (1829)  p.  265 ;  Journal  of  the  Anaiio 
Society,  XII.  N.B.  p.  oni.  lieut.  Olasfurd,  Ibid,  No.  Lxxzut.  (1838)  p.  473. 
Mr.  Commissioner  Lushington,  Ihid,  xn.  n.8.  p.  469.  Mr.  Commissioner  Batten, 
Ofieiid  BiporU  on  Kumaon,  p.  817.  Mr.  Deputy  Collector  Becltett,  SeleeiionM 
fiam  ihe  Roeorda  of  Ootomment,  H.w.r.  (Agra)  Fart  xiii.  (1853)  p.  67 ;  Extracts 
ftom  tho  Sseorda  of  Chvomment  (Calcutta,  1865),  p.  23. 

t  Pilgrims  to  Badzinath,  Kedamath,  and  other  mountain  shrines  hang  innu- 
merable small  shreds  of  cloth  on  the  trees  at  Simul-khet,  Ghagtur,  and  other 
"passes,"  where  the  traveller  northward  comes  suddenly  on  msgnificent  views 
of  the  snowy  range.  Votive  offerings  of  the  same  strange  kind  are  left  on  the 
shmbs  near  Madron  well,  to  this  day  by  parents  who  stiill  bathe  their  weakly 
ehUdren  there  in  the  spring. 

JVommKr^s  of  Me  Baifoi  InMiUuiion  of  ComwaU  (1855),  p.  21,  Note.  Mr. 
Blighty  Anient  Orouet  and  other  AniiquUie$  m  the  East  of  Comtoatt,  u.  p.  71. 

}  "  A  pnrple  scaly  schist,  which  seems  intermediate  between  micaceous  and 
"  aigiBaeeous  schist,  and  dips  E.  of  8.,  is  succeeded  by  an  earthy  and  subschistoee 
*' gneiss  *  *  *  micaceous  schist  is  then  found,  and  resting  on  it  a  granitic  gneiss 
"iHileh  is  connected  with  the  •  •  •  grsnite.'* 

Captain  Hbkbbbt,  Journal  of  the  Aeiatie  Society,  xu.  zr.8.  p.  ciy. 
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Dwarra  Hath  with  the  metalliferous  clay-slate  of  Til-- 
poord  on  the  south-east.  In  the  neighbourhood  of  the 
principal  mines,  however,  the  series  comprises — quartz- 
rock, — clay-slate, — quartzose-conglomerate, — and  sili- 
ceous limestone.  Overlying — at  least  a  portion  of  the 
conglomerate  at  Mampoore,  and  immediately  beneath 
the  breccia  subordinate  to  it  at  Burralgaon^ — the  iron- 
ore  in  other  parts  of  the  district  occurs  but  little  above 
the  middle  of  the  clay-slate  formation.  Exhibiting 
numerous  and — in  some  instances — considerable  inflec- 
tions ;  the  system  generally  dips  E. — N.E.  20' — 46% 
and  bears  N.  and  S., — S.E.  and  N.W. 

Largely  quarried  as  a  building  material,  and  for  the 
construction  of  smelting-fumaces  in  the  neighbourhood, 
the  quartz-rock  of  Dhodulee  and  Simul-khet  contains 
no  foreign  ingredient  except  the  thin  flakes  of  mica, 
— ^which  disposed  in  corresponding — but  somewhat 
distant  planes, — impress  on  the  mass  a  very  thick- 
lamellar  structure :  this  bears  nearly  N.  and  S.;  whilst 
two  systems  of  joints,  which  traverse  the  rock,  range — • 
one  about  25'  W.  of  N.  and  E.  of  S.,— the  other  25'  S, 
of  E.  and  N.  of  W. 

The  lower  portions  of  the  clay-slate  formation  abound 
in  felspar,  are  of  a  pearl-white,  bluish-grey,  or  pale-blue 
colour,  and  rather  thick-lamellar  structure ;  on  either 
side  of  the  iron-formation,  however,  the  rock  partakes, 
at  intervals,  almost  every  shade  of  red  and  brown,  and  is 
traversed  by  many  of  the  interlacing  curvilinear  joints^ 
so  numerous  at  Dhunpoore*  ;  quartz — sometimes  mixed 

•  Antet  p.  18. 
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with  a  little  calcareous  matter, — meanwhile,  appears 
towards  its  upper  confines;  greenish  tints, — accom- 
panied by  a  flinty  fracture, — ^are  occasionally  exhibited, 
aud  it  assumes,  at  length,  the  character  of  a  breccia. 

The  siliceous  breccia  and  green  flinty  slate  pass 
gradually  into  a  quartzose  conglomerate,  which  ap- 
pears beneath  the  iron-ore  in  the  middle  of  the  clay- 
slate  at  Hampoore  ;  though  in  Khetsaree — the  nearest 
mine — on  the  S.E.,  at  SimuUkhet — the  next— on  the 
N.W.,  and  elsewhere  through  the  district,  it  overlies 
both.  Whether  this  unusual  position  be  consequent  on 
a  deflection  from  its  general  strike,  or  on  interruptions 
of  its  continuity,  has  not  been  ascertained ;  as  on  either 
side  of  Rampoore  the  ore  remains  unwrought,  and  the 
rock  is  covered  with  earth  and  vegetation. 

The  calcareous  matter,  more  or  less  abundant 
throughout  the  quartzose  conglomerate,  is, — probably 
by  the  percolation  of  rain-water, — derived  from  the 
siliceous  limestone  formation ;  which — enclosing  many 
masses  of  calcareoua-spar, — ^but  apparently  destitute 
of  organic  remains, — extends  westward  no  further  than 
the  range  immediately  east  of  Kotelar  and  ELhetsaree, 
where  it  overlies  the  rest  of  the  series :  eastward,  how- 
ever, it  reaches  Kala  Bun — north,  and  Tarag-he-Tal^ 
south, — of  the  Bamgunga. 

Generally  parallel  to  the  structure,  and  to  some 
extent  partaking  the  nature  of  the  clay-slate,  which— 
except  at  Rampoore  and  Burrulgaon — ^bounds  it  on 
either  side, — the  iron-formation  encloses  quantities  of 

•  AivU,  p.  18. 
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slate  and  quartz ;  sometimes  separate,  sometimes  mixed, 
but  always  transfused  with  ore.  To  such  an  extent 
indeed  do  the  earthy  ingredients  occasionally  prevail, 
that  too  refractory  from  the  admixture,  for  the  primi- 
tive smelting-furnaces  of  the  natives,  enormous  masses 
remain  unwrought  At  intervals,  however,  portions, 
almost  exclusively  of  pure  ore,  are  largely  worked; 
and  these  invariably  dip  or  shoot,  from  the  granite  of 
Dwarra  Hath,  towards  the  north  or  north-west.*  Red 
iron-ore,  generally  compact,  but  now  and  then  of  fibrous 
structure,  is  as  well  the  characteristic  as  the  most  valu- 
able part  of  the  formation ;  whilst  an  earthy  variety 
of  the  same  mineral  lines  every  crevice,  and  colours  the 
adjoining  rocks.  Few  metalliferous  deposits  vary  in 
size  so  much  as  this  varies  in  different  parts  of  its 
course ;  for  whilst  at  Tilpoori,  in  the  south-east,  it  is 
but  two  feet  and  a  half  in  width,  at  SimuUkhet  on  the 
north-west,  it  has  been  wrought  for  a  breadth  of  more 
than  six  fathoms,  without  having  reached  either  of  its 
(walls)  sides.  The  relative  situations  of  the  mines, 
and  other  essential  details  are  given  in  Table  ii. 

West  of  the  principal  deposit,  at  Tilpoorh  and  Simul- 
khetj  other  parallel  though  much  smaller  beds  of  the 
same  ore  have  been  wrought  in  clay-slate ;  but  whether 
they  are  independent  of,  or  subordinate  to  it,  has  not 
been  ascertained. 

At  Soongaree^'f  a  western  tributary  of  the  Khetsaree 


•  Cornwall  Geol.  Trans,  t.  p.  193 ;  n.  p.  146. 
t  Extracts  from  1^  lUoordt  of  Oovemment  (Calcutta,  1855),  p.  24, 
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about  two  miles  from  Bonegarh^  several  beds  of  a  few 
inches,  and  one  as  much  as  a  foot  and  a  half,  in  width, 
all  composed  in  great  measure  of  quartz,  but  mixed, 
in  the  former  with  earthy-brown,  in  the  latter  with 
specular,  iron-ore,  bear  10°  E.  of  N.  and  W.  of  S.,  and 
dip  towards  the  west;  as  also  do  the  laminae  of  the 
brownish  clay-slate  adjoining  them. 

Traces  of  specular  iron-ore  also  occur  in  massive 
quartz-rock  beneath  the  slate  oiBaroolee,*  immediately 
north-west  of  SimuUkhet. 

No  connexion  has  been  traced  between  the  great 
iron-formation  of  Kotelar  and  Khetsaree,  and  the  small 
quantities  of  red  iron-ore  dispersed, — sometimes  in 
small  detached  compact  lumps  through  the  strata, — 
sometimes  in  an  earthy  form,  between  the  laminae  and 
in  the  joints  of  greenish-brown,  and  occasionally  grey- 
ish-white,  fissile  slate  of  Mehelchowree,t  and  diffused 
through  quartz-rock  on  the  top  of  Beansee,;};  a  moun- 
tain still  further  to  the  north. 

The  district  of  Dhuniak6te,§  comprehending  the 
Khuhagarh,  Hurchinolee^  Tutyly  Oqjowlee,  Khumaj 
KyrooleCj  and  Patol,  iron-mines  formerly  wrought  in 
the  mountains  on  either — but  especially  on  the  south — 


*  ExtraeU  from  the  Records  of  Government  (Calcutta,  1855),  p.  24. 

t  Captain  Herbert,  Asiatic  Researches,  i.  p.  255 ;  Journal  of  the  Asiatic 
Society,  xii.  M.8.  p.  Cili. 

}  Extracts  from  the  Records  of  Oovemment  (Calcutta,  1855),  p.  25. 

i  Captain  Herbert,  Asiatic  Researches,  i.  p.  254.  Mr.  Commiasioner  Batten, 
Ofieial  Reports  on  Kumaon,  p.  300.  Extracts  from  the  Records  of  Government 
(Calcutta,  1855),  p.  14. 
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Bide  of  the  Kosila,  is  now — from  the  scarcity  of  fire- 
wood— ^almost  abandoned. 

Large  tracts  of  homogeneous,  dark-blue  slate  of  silky 
lustre, — upper  members,  probably,  of  the  clay-slate 
series, — are  enclosed  by,  and  intermixed  with,  quartz ; 
which, — in  other  districts  only  occasionally  present,  is 
here, — sometimes  interlaid  by  isolated  slaty  laminae — 
often  the  chief  ingredient.  And,  either  diffused  through, 
or  alternating  with,  the  slaty  and  quartzose  rocks  in 
short,  thin,  and  irregular,  though  separate  beds,  cal- 
careous matter  abounds  in  the  shallower — ^and  is  rarely 
wanting  in  any  part  of  the  system. 

Either  because  the  broken  and  impracticable  surface 
has  prevented  sufficient  search, — from  still  further 
changes  in  mineral  character*  than  those  presented  in 
various  parts  of  its  range  towards  the  south-east, — or 
from  other  less  obvious  causes,  the  great  iron  formation 
which  crosses  Ratngurh,  has  not  been  recognized  in 
Dhuniakote  although  the  districts  adjoin  on  the  line  of 
its  course  1o  the  north-west ;  nor  has  any  metalliferous 
deposit  been  identified  in  a  second  mine  of  the  latter. 

The  ore  most  abundant  in  Dhuniakote  is  red  hema- 
tite ;t  but  some  mines  have  yielded  earthy-brown  and 
specular  iron-ores  also. 


•  AnU,  p.  24. 
t  Captain  Herbert,  Anatic  Beiearches,  i.  p.  254. 
"  The  iron  ores  of  Dhnnneea  Kote  (chiefly  red  hemaUte)  are  found  in  nmneront 
"  localitiei  *  *  *  the  mines  might  become  very  yaluable  in  ca«e  railroads  should 
*'  be  formed  in  Northern  India.  As  it  is  they  are  so  neglected  that,  our  ExecutiTe 
"  Engineers  sent  to  Calcutta  for  the  iron  of  three  suspension  bridges  erected  in 
**  their  immediate  neighbourhood." 

Mb.  CoMKi88ioiTsa  Batten,  Official  Seports  on  Kumam,  p.  300. 
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(J.)  A  few  low  and  ruinoas  (levels)  galleries, — the 
heaps  of  glossy  blue  calcareous  slaty  rubbish  broken 
in  them, — ^and  some  scattered  flakes  of  specular  iron- 
ores  they  contain,  are  the  only  traces  of  ancient  works 
now  remaining  at  the  mines  in  the  neighbourhood,  of 
Kkulaagarh  and  Hurchinoolee.^ 

{L)  The  lowest  in  a  series  of  small  mines  formerly 
wrought  at  Tutyl\  affords  specular  iron-ore,  alternating 
with  beds  of  bluish-green  calcareous  slate,  which  bear 
5— 10*  E.  of  N.  and  W.  of  S.,  and  dip  30—40'  W. 
The  stmcture  is,  at  times,  thick  lamellar,  and  then 
nodules  of  either  substance  are  frequently  enclosed  in 
the  other :  ordinarily,  however,  the  layers  of  ore  are 
merdy  a  fraction  of  an  inch  in  thickness  and  but  a  few 
inches  in  length,  and  on  such  occasions  they  partake 
every  flexure  and  contortion  of  the  thin-bedded  and 
fissile  rock  they  interlie. 

Parallel  to  the  mottled  blue,  brown,  and  buff-coloured 
slate-rock  above  and  below,  the  formation,  worked  in  the 
second  mine,  is  about  four  or  five  feet  in  width, — ^bears 
nearly  E.  and  W., — dips  N.  30' — 36';  and  composed 
principally  of  compact  brown  iron-ore  mixed  with  slaty 
matter,  frequently  contains  also  the  carbonates  of  iron 
and  lime.:]: 

Other  researches  were  made  in  a  third  locality,  but 
all  traces  of  them  have  been  obliterated  by  a  land-slip. 

(2.)  The  thick-lamellar  quartz-rock,  now  and  then 
tinged  with  slaty  matter,  which  forms  both  banks  of 

*  BxiraeU  from  the  JRecardt  of  Government  (Calcutta,  IS5S),  p.  14. 
t  Ihid,  p.  16.  1 1^  P«  10- 
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the  Khuma,  is — ^near  its  union  with  the  Kosila — inter- 
laid by  a  bed  of  fibrous  quartz  some  four  or  five  fathoms 
in  width,  bearing  about  15°  S.  of  E.  and  N.  of  W.,  and 
dipping  35** — 46°  S.  Often  merely  as  a  colouring 
matter, — more  frequently  mixed  with  quartz, — but  at 
times  the  most  abundant  ingredient,  and  ever  varying 
either  in  proportion  or  arrangement,  red  iron-ore, — 
either  earthy,  fibrous^  or  massive^  is  always  present  The 
native  smelter  is  however  able  to  treat  successfully  only 
the  richest  and  softest  ores ;  in  pursuit  of  these  there- 
fore the  formation  has  been  burrowed  in  all  directions : 
but  though  much  is  still  in  sight,  owing  to  the  scarcity 
of  fuel,  the  mine  has  been  long  abandoned.* 

(971.)  On  the  edge  of  a  precipice  rising  perhaps  three 
thousand  feet  above  the  river,  Oqjowlee'\  has  been 
wrought  in  a  bed  of  limestone,  everywhere  more  or 
less  siliceous,  of  which  neither  the  direction,  dip,  nor 
width,  has  been  ascertained.  It  is  however  traversed 
by  joints  which  bear  nearly  S.E.  and  N.W.,  and — 
flattest  in  the  most  siliceous  portions — dip  26* — 70°  N.E. 
Isolated  lenticular  masses,  and  short,  narrow  beds  of 
iron-ore  interlie  the  rock  in  lines  coincident  with  those 
of  its  structure.  Some  of  these  consist  of  specular, 
others  of  compact,  brown  iron-ore ;  the  two  varieties 
are  however  more  frequently  mixed  than  separate,  and 
magnetic  iron-ore  is  also  common  amongst  them.j: 

*  A  dove  was  hatching  its  eggs  on  a  ledge  of  rock  at  the  entrance,  when  I 
▼isited  the  mine. 

t  ExtraeU  from  the  Secordt  of  Government  (CalcutU,  1865),  p.  U. 

X  A  stag  had  made  its  lair  amongst  the  grass  and  ferns  overgrowing  the 
abandoned  works  at  Oqjowke, 
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(n.)  A  few  masses  of  compact  brown  iron-ore  mixed 
with  the  carbonate  of  iron  are  found  amongst  the 
calcareo-siliceous  rubbish  which  has  fallen  on  the 
works  and  covers  the  formation  at  Kyroolee*;  a  mine 
formerly  wrought  in  the  steep  side  of  a  mountain,  some 
fifteen  hundred  feet  above  the  Kosila. 

At  Patoly'\  about  one  hundred  and  twenty  feet  higher 
than  Kyroolee  on  the  same  mountain,  some  openings 
have  been  made  on  a  bed  of  compact  brown  iron-ore 
much  mixed  with  quartz,  and  abounding  in  drusy 
cavities  lined  with  lime,  which  bears  about  S.E.  and 
N.W.,  though  occasionally  horizontal  it  has  in  general 
a  slight  dip  S.W., — and  is  from  4  to  12  feet  in  thickness. 

A  few  trees  in  the  least  accessible  glens  near  Khuloa- 
garh  have  escaped  the  general  havoc  which  has  stripped 
this  neighbourhood  of  fire-wood.  These  still  supply 
fiiel,  as  Kyroolee  and  Patol  furnish  ore  to  the  only 
furnace  now  worked  by  natives  in  the  district. 

Higher  in  the  series  than  any  other  metalliferous 
deposit  in  Kumaon,  the  calcareous  slates  of  Dhuniakote 
are  overlaid,  towards  the  south,  for  several  miles,  by  a 
succession  of  limestones  and  slates,:|;  traversed  by  horn- 
blendic  rocks,§  altogether  destitute  of  every  ore. 

*  Extracts  from  the  Becofda  of  Government  (Calcutta,  18^5),  p.  16. 

tIW(/,p.l0. 

X  Th«  exterior  portion  of  the  great  mountain  region  •  •  •  consists  of  a  mass 
"  of  argillaceous  schists,  grits,  and  limestones,  intersected  by  one  or  more  lines 
*'  of  igneous  action." 

Captain  Sibachxt,  Quarter^  Journal  of  the  Geological  Society,  tii.  p.  297. 

(  "  An  outburst  of  considerable  extent,  chiefly  of  an  amygdaloidal  form,  is 
**  associated  with  the  formation  of  seyeral  smaU  lakes.  •  *  *  Not  far  from  these 
"is  another  small  lake  caUedNaini-t&l.*  *  *  In  the  immediate  ricinity  *  *  * 
*'  are  dykes  of  a  well-defined  crystalline  greenstone." — Ibid,  p.  298. 
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No  part  of  the  Sub-Himalayan  range  surpasses  in 
beauty  the  scenery  of  Nynee  Tal,  Bheem  Tal,  and 
other  small  lakes  in  this  region. 

Quarried  for  burning,  although  not  quite  free  from 
silica,  a  bluish-grey  limestone,  the  upper  member  of 
this  formation,  is  overlaid  by  sandstone,*  which, — 
slopes  to  the  plain ; — and — rarely  of  great  extent, — is, 
in  some  places,  but  a  few  fathoms  thick. 

The  ordinary  ingredients  are  siliceous  sand  and 
argillaceous  clay ;  but  talc  is  often  present  also.  The 
general  hue  is  pale-buff  or  greenish-grey ;  occasionally, 
however,  the  prevailing  tint  is  imparted  by  earthy  red 
iron-ore. 

Spheroidal  or  reniform  stones  of  quartz  and  of 
compact  red  iron-ore, — at  times  as  small  as  pease, — 

*  **  The  sandBtone  fonuation  which  bounds  the  mountain  tract  to  the  South 
<*  towards  the  plains,  assumes  many  different  aspects  here  as  it  does  in  Burope ; 
<(  upon  the  whole  the  resemblance  is  sufficiently  striking  to  allow  of  our  identifying 
**  it  with  the  newer  red  or  saliferous  sandstone.  It  is  either  a  hard  red  gravelly 
«( clay  distinctly  stratified,  or  the  same  clay  enclosing  rounded  stones,  or  a  mi- 
**  caceous  sandstone,  which  in  hardness  Taries  from  loose  sand  to  a  rock  that  will 
«  strike  fire.  This  type  is  again  modified  by  the  admission  of  rounded  pieces 
**  passing  into  sandstone  conglomerate.  •  *  *  The  sandstone  is  always  micaeeovis 
^'  in  a  high  degree ;  it  is  most  commonly  of  the  ordinary  colour,  but  sometimes 
**  it  is  found  of  a  dark  bluish-grey,  in  which  ease  it  seems  to  loose  its  appearance 
"  of  a  schistose  structure,  and  becomes  amorphous,  breaking  equally  in  eyery 
"  direction.  This  type  is  farther  remarkable  for  containing  kernels  of  superior 
'*  hardness  to  the  base,  which  itself  is  more  compact,  and  I  might  say  clayey, 
**  than  the  ordinary  sandstone.  It  also  contains  less  mica.  This  grey  type  also 
*'  passes  into  the  conglomerate  structure.  *  *  *  At  Bhumowree  it  is  seen  in  the 
**  river  bed,  dipping  N.B.,  at  an  angle  of  about  80° ;  but  it  has  here  scarcely  any 
**  developement.  •  •  *  At  the  Chilkein  defile  •  •  *  it  forms  very  extensive 
**  strata,  chiefly  of  the  red  clay  type.  In  the  bed  of  the  Gosillah,  occasionally 
«  rounded  stones  are  contained  imbedded.  *  *  *  At  Dhikoolee,  the  conglom- 
**  erate  character  is  perfect,  the  basis  being  still  the  red  clay,  but  sometimes 
^'  indurated  to  a  high  degree.  *  *  *  At  Chookoom  *  *  *  we  find  a  greenish 
**  grey  sandstone  with  mica  dipping  S.W.'' 

Capt.  Hbbbbbt  Jawnaiqfthe  Atiatie  Soeietf,  xu.  K.S.  pp.  oxxxzn.  oxxxiv 
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frequently  as  large  as  eggs, — but  generally  about  the 
size  of  acorns  or  of  grapes,  —  are  sparingly  scattered 
through  the  other  ingredients;  sometimes,  however, 
they  are  so  numerous  that, — cemented  only  by  the  other 
constituents, — they  form,  as  one  or  the  other  mineral 
prevails,  either  a  quartzose  or  a  ferruginous  con- 
glomerate. So  closely  indeed  are  some  nodules  of  the 
ore  packed,  and  so  richly  is  the  cement  uniting  them 
impregnated  with  it,  that  certain  portions  of  the 
formation  at  Jham*  near  Huldwanee,  and  at  JLoha 
Bakburf  not  far  from  Kaleedoongee  assume  ratheir  a 
vein-like  character.  Seldom  however  are  both  quartz 
and  iron-ore  plentiful  in  the  same  neighbourhood ;  nor 
are  the  conglomerated  masses  of  either  often  very  large. 

Approximately  parallel  to  the  mountain-chain  of 
which  they  form  the  southern  or  south-western  slope, 
the  beds  of  sandstone  generally  bear  about  S.E.  and 
N.W.,  and  dip  S.W. ;  although  for  short  distances,  in 
some  parts  of  their  course,  they  take  an  E.  and  W., 
and  in  others  a  N.  and  S.  direction.  But  whatever  the 
inclination  of  the  sandstone-beds,  the  parallel  masses  of 
ferruginous  conglomerate  they  include  at  BejapooreX 
near  Bhamouree  dip  towards  the  N^ 

The  unusually  open  joints  are  faced  with  clay  in  the 
earthy — and  with  red  iron-ochre  in  the  metalliferous — 
parts  of  this  formation. 

Whilst  in  the  mountainous  regions, — rich  iron-ore 
occurs   in   large  masses, — fuel  is  untaxed, — and  the 

*  Exiraeiafirom  the  Records  of  Ocvemment  (Calcutta,  1855),  p.  13. 
t  Ibid,  pp.  12,  46.  t  Ibid,  pp.  12,  46. 
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climate  is  good  throughout  the  year; — in  the  plain 
(Bhahur — or  Turaeejy  on  the  contrary,  small  nodules 
of  ore — though  the  same  in  quality  —  are  thinly 
sprinkled  through  the  rock,  —  the  farmer  of  Govern- 
ment revenue  levies  a  tax*  on  the  wood*cutter,  and 
the  climate  drives  even  natives  to  their  hills  for  half 
the  year.f 

Although  hitherto  of  but  little  avail,  experiments, 
sanctioned  by  Government,  are  still  in  progress  at 
Jham^  Bejapoore,  Loha  Bhahur  and  jDechowree.'^ 

The  slight  traces  of  ancient  mining,  and  the  re- 
mains of  but  a  single  furnace,  amid  the  still  jSourishing 
woods  of  the  Bhabur,  attest  however  the  preference 
of  native  workmen  for  the  more  abundant  ore,  and 
the  untaxed,  though  scarcer,  fuel,  of  the  higher  and 
healthier  districts. 

(C.)  Near  Dol§  at  the  head  of  the  Punaar  valley,  and 

*  <*  Table  of  Raiei  according  to  which  Farmers  of  JtmgU produce  are  authorixed 
•*  to  eoUect  in  Kumaon  Bhabur  "^— 
"  Per  Cart  load  of  Wood — depending  on  quality  4 — 6  annaa  (ss6 — 9  pence) 

„  Charcoal 4        „      (         6    „    ) 

„  Bamboos 6        „     {         9    ,.    ) 

»««d8 6        „      (         9    „    ) 

„  Limestone 6        „      (         9    „    ) 

„  Bumtlime 12        „      (        18    „    )" 

Mb.  Commissionsr  Battbk,  Official  Reports  on  Kumaon,  p.  216. 

t  "  Everything  which  hath  the  breath  of  life  instinctiTely  deserts  these  woods 
from  the  beginning  of  April  to  October." —  Bishop  Hbbbr,  Narrative  of  a 
Journey  through  the  Upper  Provinces  of  India  (Edit.  1849),  i.  p.  251. 

**  The  cttltivators  actually  come  down  to  the  fields  after  sun-rise  and  again 
"  mount  their  hills  at  sun-set,  the  night  air  between  May  and  October  being 
*'  considered  fatal.  •  •  •  It  is  found  difficult  to  keep  up  a  small  police  force 
**  during  the  unhealthy  months." 

Mb.  CoiiXiBBiONBB  Battbn,  Official  Beporte  on  Kumaon,  p.  191. 
t  Extracts  fr<m  the  Records  ofOovem$neni  (Calcutta^  1855),  pp.  12^  46. 
i  '*  At  Dhol  •  *  *  the  rock  is  of  an  earthy  oompositioB,  and  quite  soft, 
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again  in  both  banks  of  the  Sooal  the  talco-micaceous 
rocks  are  succeeded  by  fissile  clay-slate  of  silky  lustre, 
which, — containing  occasionally  a  few  white  and 
greyish  laminsSy  and  some  beds  entirely  black, —  is  fcJr 
the  most  part  of  a  dark  blue  colour.  The  more  lightly 
tinted  portions  are  in  great  measure  felspathic  ;  the 
darker  are  tinted  by  graphite;  which  is  generally 
diffused  through  the  other  ingredients,  but  now  and 
then  it  forms  separate  layers.  Near  the  Sooal  these 
graphitic  beds  bear  nearly  N.E.  and  S.W.,  and  dip 
towards  the  S.E.,  perhaps  20° ;  at  the  surface  they  are 
frequently  of  red,  rusty,  or  brownish  hues;  and  are 
often  so  thoroughly  disintegrated,  that  though — whilst 
in  place — they  still  retain  their  schistose  structure, — 
a  touch  crumbles  them  to  powder.  Attempts  have  been 
made  at  the  expense  of  Government  to  supply  the 
market  with  plumbago  from  this  formation ;  but  thinly 
sprinkled  with  reniform  masses—  at  times  as  small  as 
walnuts,  though  often  as  large  as  eggs,  and  more  rarely 

"  though  pret  erring  the  appearance  of  strata,  and  of  laminar  or  schistose  structure 
*****  It  is  of  rarious  colours:  hlack,  red,  yellow,  grey,  white,  always  bright 
*'  and  well  defined.  The  black  is  the  most  abundant,  the  white  the  least  so.  *  *  * 

"  The  ridge  on  which  Almorah  is  situate,  rises  into  the  peak  of  Kaleenath, 
"  and  in  the  ascent  thereto  •  •  *  the  talco-micaceous  schist^*  *  *  is  observed  to 
"  pass  into  the  same  kind  of  soft  earthy  black  rock  which  was  described  at  Dhol. 
*'  It  was  here  that  the  graphite  was  discovered  lying  on  the  surface  in  lumps, 
**  the  fragments  of  kidney  shaped  nodules.  The  largest  specimen  obtained, 
**  however,  was  an  oblate  spheroid  perfectly  rounded,  having  a  diameter  of  about 
"  three  inches.  The  latter  contained  small  veins  of  quarts.  The  aspect  of  this 
"  graphite  till  scraped  or  abraded  was  dull ;  In  the  latter  case  it  was  metallic. 
"  The  composition  was  fine  earthy.*' 

Captain  Hbbbert,  Journal  of  the  Atialie  SoeUty^  xii.  n.b.  pp.cxxvi,  cxxviix. 

**  Graphite  occurs  in  the  *  *  •  neighbourhood  of  Almora,  •  *  •  both  in  an 

impure  form  diaaeminated  in  the  schist,  and  in  small  nodules  apparently  quite 

pore. 
Captain  Stbachbt,  Quarterly  Journal  of  the  GeoL  Soc,^  yii.  (1851)  p.  299. 

g2 
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even  as  cocoa-nut**, — composed  usually  of  ore  mixed 
with  quartz,  but  frequently  of  either  ingredient  alone, — 
it  yielded  merely  a  few  hundred  weight  of  plumbago, 
and  the  untoward  experiments  were  therefore  soon 
abandoned. 

(D.)  Traced  from  rocks  of  like  mineral  character  in 
the  interior,  by  their  dSbris  in  valleys  opening  to  the 
plain,*  and  widest  opposite  their  gorgesf  (the  Bhabur), 
a  deposit  of  boulders,  pebbles,  gravel  and  sand, — ^main- 
taining an  uniform  level  where  it  touches  the  hills — 
extends  several  miles  towards  the  south.j:  Penetrated 
two  hundred  and  twenty  one  feet  in  one  place, — one 
hundred  and  fifty  at  another, — ^and  smaller  depths 
elsewhere,^  it  is  utterly  disproportionate  as  well  in 
disposition  as  in  extent  to  the  transporting  powers  of 
existing  streams  ||  at  any  period  of  the  year,  notwith- 

•  "  The  Dehra  Doon  which  is  the  principal  of  these  Tallies  *  *  *  is  from  the 
<«  Jumna  to  the  Ganges  about  forty  five  miles  in  length.  Its  breadth  is  Tariable, 
'*  being  in  some  places  scarcely  ten,  in  others  fifteen  miles.  The  surface  is 
'*  undulated,  and  has,  in  particular  directions  a  strong  declivity.  Many  banks  or 
*'  steps  occur,  varying  in  height  from  one  to  thirty  feet.  These  generally  follow 
«  the  course  of  the  streams.  •  ♦  •  The  range  of  hills  which  bounds  the  Doon 
**  to  the  southward  *  «  *  form  an  uninterrupted  chain  or  line  of  water-heads, 
"  on  each  side  of  which  they  are  intersected  by  deep  gorges  now  the  beds  of 
'*  torrents.  Those  which  open  to  the  Doon,  are  strewed  with  fragments  of  the 
"  same  kind  as  those  which  cover  the  valley  itself;  but  those  which  open  plain- 
*'  ward,  contain  no  fragments  but  of  the  rocks  in  situ,  which  are  of  entirely 
"  different  character  and  not  possible  to  be  confounded.'* — Captaim  Hbrbebt, 
Journal  of  the  Aaiatic  Society,  xii.n.b,  pp.  zxxiy.  xxxv.  clviiz. 

t  **  The  distance  from  the  common  boundary  of  plain  and  mountain  land  at 
**  which  gravel  was  found  was  greater  in  the  beds  of  rivers^  or  on  their  banks  than 
"  on  the  intermediate  ground." — Ibid,  p.  clyuz. 

XTIbid,  pp.  xxxiu.  oxxxY. 

Mr.  Commissioner  Batten,  Official  Keporte  on  Kvmaon,  p.  184. 

Captain  Strachey,  Quarterly  Journal  of  the  Geological  Society, vii,  (1851)  p.  29$. 

f  Captain  Herbert,  Journal  of  Aiiaiic  Society,  xu.  n.b.  p.  cxxxy. 
I  <*  In  all  the  river  beds  we  see  that  there  are  accumulations  of  gravel  and 
'*  boulder  stones,  all  perfectly  rounded,  and  consequently  all  of  them  such  as  have 
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standing  those  which  are  mere  rivulets  in  dry  weather, 
become  floods  during  the  rains.  The  surface  consists 
in  some  parts  of  boulders  and  pebbles  only ;  in  others 
gravel  and  sand  are  mixed  with  the  coarser  ingredients, 
and  amongst  these,  at  times,  a  few  stunted  shrubs  have 
taken  root ;  considerable  tracts,  however,  covered  with 
soil,  and,  at  intervals  artificially  irrigated  by  Govern- 
ment,*— are  richly  varied  with  forests,  pastures  and 
com-fields.f  Owing,  probably,  to  different  sizes  and 
arrangements  of  the  ingredients,  all  parts  of  the 
formation  are  not  equally  pervious  to  water ;  rivers,  of 
like  magnitude  when  issuing  from  the  hills,  are  there- 
fore seldom  of  the  same  length.;];  And  thus  whilst  one 
may  disappear  after  a  course  of  but  a  few  hundred  yards 
on  the  shingle ;  another,  of  equal  volume,  may — con- 
tinually dwindling — keep  its  way  for  four  or  five 
miles.     Moreover  the  length  of  the  same  stream  will 

"  been  subject  to  the  action  of  water.  •  *  *  That  these  collections  should  ever 
'*  have  been  formed  by  such  bodies  of  water  as  are  found  at  present  in  their  vicinityi 
"  is  altogether  inadmissible.  Their  extent,  the  siie  of  the  fragments,  the 
**  distance  from  which  they  are  derived,  above  all,  their  great  depth,  and  the 
"  height  at  which  they  are  found  above  the  present  bed  of  the  river,  all  forbid  so 
'*  incredible  a  supposition." 

Captain  Herbert,  Journal  of  the  Aaiatic  Society ^  zii.  n.b.  clyii. 

*  An  extensive  system  of  irrigation  has  been  admirably  carried  out  from  the 
Gola  near  Huldwanee,  By  Mr.  Commissioner  Batten  and  Captain  Ramsay  his 
first  assistant. 

t  **  Under  the  base  of  the  hills  surface  irrigation  from  the  several  streams  that 
"  issue  therefrom,  can  be  carried  on  to  a  certain  distance  on  either  side  of  them 
"  by  means  of  water-courses  taken  off  at  different  levels,  this  distance  or  point 
**  of  non-irrigation  being  determined  by  the  slope  of  the  country,  and  the  absorbing 
*'  or  retaining  qualities  of  the  soil,  and  consequently  by  the  place  of  disappearance 
**  of  water  in  the  several  rivers.  Hence  in  the  Uffpof  Bhabur  so  long  as  agri- 
"  cultural  population  can  be  found,  extensive  patches  of  fine  cultivation  will 
**  always  exist,  but  at  wide  intervals  and  with  but  a  short  prolongation  to  the 
"  southward. — Mr.  Coxmissionbr  BArnur,  Official  Beporte  on  Kumaon,  p.  184. 

t  Ibid,  p.  184. 


^ 
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also  vary,  as  its  size  and  force  alter  with  the  seasons 
After  a  longer  or  shorter  course,  however,  every  stream 
reaching  the  (Bhabur)  plain  at  length  disappears ;  a 
certain  breadth  of  it  is  therefore  alwavs  destitute  of 
water.* 

From  its  surface  dipping  more  rapidly  than  that  of 
the  rock  beneath, — this  formation — thickest  where  it 
rs  bounded  by  hills  on  the  north, — thins  gradually, 
throughout  its  breadth  of  ten  or  fifteen  miles  on  the 
south,  to  an  edge  in  the  plains. 

Arrested  whilst  descending  by  a  floor  of  clay  below 
the  boulders,  all  streams  engulphed  near  the  hills,  after 
a  subterranean  course  of  several  miles  along  this  im- 
pervious bed,  reappear  south  of  the  shingle,  and  form, 
in  the  Turaee,  a  series  of  pestilent  swamps.f 

*  '*  The  drainage  of  the  lower  mountains  *  **  flows  at  an  hitherto,  undiscoyer- 
**  able  depth  *  *  *  beneath  shallow  mould  and  enormous  gravel  beds." 

Mr.  CoMMMSiONsa  Battbk,  Official  Reports  on  Kvmaon,  p.  184. 

**  All  the  minor  streams  as  they  leave  the  foot  of  the  hills  are  rapidly  absorbed 
*'  and  disappear  in  the  sandy  and  shingly  deposits  that  there  prevail,  and  wells 
**  have  to  be  sunk  to  a  great  depth  before  water  can  be  met  with.** 

Captain  St&aokbt,  Quarterly  Journal  of  the  Geological  Society,  tii.  p.  296. 

t  **  Along  the  foot  of  the  mountains  extends  a  tract  called  Bhabur  •  •  « 
''distinguished  by  an  almost  total  absence  of  springs  or  running  streams. 
«  «  «  «  It  is  bounded  to  the  southward  by  a  line  of  springs  or  water-heads,  which 
**  is  also  the  northern  boundary  of  the  tract  called  Terrai.  «  «  •  This  track  is 
'*  remarkable  for  its  moisture  as  the  other  is  for  its  dryness." 

Captain  Hbrbbrt,  Journal  of  the  Asiatic  Society,  xii.  N.8.  xxxix. 

"  Beneath  the  shallow  mould  and  enormous  gravel  beds  of  the  ookhur  bhoomee, 
**  or  dry  region  of  forest  and  grass,  at  an  hitherto  undiscoverable  depth  flows  the 
**  drainage  of  the  lower  mountains ;  the  point  of  reappearance  of  water  in  the 
'*  river  beds,  and  the  rushing  out  of  the  multitudinous  springs  being  determined 
**  by  the  thinning  out  of  the  porous  gravelly  detritus  and  the  approach  of  the  clay 
^  or  impervioue  stratum  to  the  surface.  The  Lover  Bhabur^  or  special  Turaee 
**  succeeds.  If  left  to  itself,  this  region  must  become  one  of  swamps  and  malaria ; 
"  and  only  partial  cultivation.  •  •  •  The  rapid  slope  of  the  country  causes  the 
"  streams  to  push  along  the  superficial  gravel,  mixed  with  trees  and  vegetable 
**  mould,  and  thus  to  form  at  last  an  obstruction  ahead  of  themselves.     This 
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Whilst  the  heat  and  rain  of  summer  continue,  the 
very  Bhahtir,  is  so  intolerable,  that  the  native  farmers 
retire  with  their  cattle  to  the  hills ;  and  return  to  it, 
even  at  harvest,  in  day-time  only.* 

A  bed  of  pebbles  and  gravel  occurs  about  forty  feet 
above  the  present  bed  of  a  southern  tributary  of  the 
Ramgunga  near  Dwarra  Hath ;  and  similar  deposits, 
though  of  coarser  ingredients,  some  fifty  feet  from  the 
river  near  Nehal-bridge  f  between  Nynee  Tal  and 
Kaleedoongee,  and  at  least  two  hundred  and  fifty  feet 
higher  than  the  Gola  at  Bhamouree ;  the  first  nearly 
three  thousand  five  hundred,  the  two  last  perhaps 
three  hundred  feet  above  the  Bhabur.j:    Although  at 

•*  causes  ♦  ♦  ♦  at  every  corner  a  back-water  •  ♦  •  which  irregularly  floods  all 
**  the  adjacent  lands,  and  creates  grass,  koonduls,  and  swamps  for  tigers,  deer, 
"  and  hogSy  whilst  it  drives  out  the  human  inhabitant." 

Ma.  C0XMI88IONBB  Batten,  OJHeial  Reports  on  EumaoHf  p.  18fi. 

"  The  dry  land  of  country  is,  I  presume,  a  great  talus  of  coarser  matter  that 
"  has  been  formed  along  a  former  line  of  coast,  covering  ^  deposit  of  finer  and 
**  less  permeable  silt,  just  as  appears  to  be  usual  now :  the  surface  of  the  former 
"  being  naturally  more  inclined,  of  the  latter  almost  horisontal,  and  the  drainage 
**  of  the  whole  of  the  upper  portion  being  brought  to  the  surface  along  the  line  of 
'^  union  of  the  two." 

Captain  Stbachxt,  Quarterltf  Journal  of  the  Qeologieal  Society,  tii,  p.  296. 

By  command  of  Government  these  interesting  phenomena  have  been  admirably 
illustrated  in  a  **Map  of  the  Kotah  and  Chukkata  Bhahur  or  Terae  Foreet  afZUlah 
**  Ktonaon,  eurveyed  wuler  the  stg^rintendence  ofLieittenante  Vanrenen^  Burgees, 
*«  1S51-63." 

Ice  forms  round  the  bamboos  and  other  shrubs  amongst  the  swamps  in  winter ; 
but  the  temperature  Lb  often  above  100°  in  the  shade,  during  summer. 

Elephants,  tigers,  leopards,  hogs, hyenas,  deer  of  many  kinds,  and  pythons  of 
enormous  size,  abound  in  the  jungles. 

*  Bishop  Heber*s  Narrative  of  a  Jourttey  through  the  Upper  Provinces  of  India 
(Edit.  1849),  I.  p.  251.  Captain  Herbert,  Journal  of  the  Astatic  Society^  xii.  ir.8. 
p.  xxxTU.  Ifr.  Commissioner  Batten,  Official  Reports  on  Kumaon,  191.  Extracts 
from  the  Reeorde  of  Oovemment  (Calcutta,  1855),  p.  14. 

t  Not  many  years  since  the  river's  ancient  bed  in  this  part  of  the  valley  was 
covered  at  once  with  earth  and  stones,  to  a  depth  of  fifty  feet,  by  a  land-slip. 

{  Ci^taiii  Herbert^  JoMmo/  qfthe  Asiatic  Society ^  zii.  ir.8.  pp.  xx.  oltxi. 
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elevations  so  much  greater  than  that  of  the  enormous 
mass  of  shingle  in  the  plains ;  these  beds  resemble  it 
as  well  in  the  mineral  character  as  in  the  form  of  their 
ingredients;  probably  therefore  they  may  all  be  traced 
to  a  common  origin  and  owe  their  shapes  to  the  same 
agency :  but  whether — leaving  no  traces  of  passage 
on  the  mountain  sides  between  them — they  have  been 
contemporaneously  lodged  in  their  present  positionSi — 
however  interesting  as  a  speculative  question, — is  be- 
beyond  the  scope  of  this  enquiry. 

(E.)    Although   there  are   points  of  resemblance 
between  certain  rocks  in  Kumaon  and  Gurhwal,  and 
the  auriferous  formations  of  other  Countries* ;  no  gold 
has  yet  been  found  in  situ  amongst  them.    Towards 
the  end  of  every  rainy  season,  however,  small  quanti- 
ties are  found,  amongst  siliceous  sand  and  shingle  in 
the  Ramgunga,t  and  mixed  with  fragments  of  garnet , 
and  granitic   gravel    in    the  Aluknunda,:];  and    the 
Pindur.     In  no  other  part  of  the  world,  perhaps,  would 
particles  of  gold  so  minute  and  so  thinly  scattered  be 
worth  extraction ;  here  however,  labour  is  so  abundant 
and    so    cheap,   that  many   poor  families  —  though 
possessing  but  little  skill  and  using  only  the  rudest 
contrivances  § — subsist  on  the  proceeds  of  their  toil. 

,      _  -  -  —  —  -  '  — 

•  AnUt  p.  29.  Notei 
t  "  The  gold  of  the  Ramgunga  ^   *  *  is  traced  to  a  tributazy  stream  called 
"  the  Beni  Gangi,  which  has  its  rise  in  the  lower  mountains,  as  it  is  onlj  below 
*'  the  confluence  of  the  two  that  the  sands  are  found  productiTe." 

Caftaim  Hbbbbkt,  Asiatic  EesearcheSt  i.  (1829)  p.  236. 
{  "  I  obtained  at  KBdamath  one  of  the  sources  of  the  Aluknunda  a  specimen 
"  of  granite  in  which  occurs  a  speck  of  gold." — Ibid,  p.  236. 

f  **  The  graTel  in  which  the  gold  dust  is  always  found  *   *  ^  is  collected  in 
*'  heaps,  and  washed  on  a  stage^  or  imperfect  riddle,  made  of  bamboos.    The 
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And  8o  thorough  is  the  separation  that  a  few  grains  of 
metal  only  were  obtained,  by  a  Cornish  miner  of  great 
experience  in  the  auriferous  districts  of  California  and 
Brazil,  from  rewasliing  large  quantities  of  gravel 
previously  treated  by  the  natives.* 

The  whole  quantity  of  gold  collected  in  Kumaon 
and  Gurhwal  is  so  small,  that  the  Royalty — levied 
daring  the  Goorkha  rule — is  now  scarcely  an  item  of 
public  revenue.f 

The  Bhotea  traders  whose  flocks  of  sheep,  goats,  and 
yaks  traverse  the  Himalayan  passes  laden  j:  with 
saltpetre  and  borax  from  Thibet ;  carry  on  also  a  small 

'*  pebbles  of  any  size  are  retained  by  this,  and  then  rejected ;  while  the  sand 
**  which  passes  throngh  the  interstices,  is  carefully  preserved.  When  a  sufficient 
"  quantity  is  collected,  it  is  put  into  a  wooden  trough,  of  about  three,  to  five, 
"  feet  in  length,  and  a  foot  broad :  being  filled  with  water,  the  whole  is  agitated 
"  by  the  hand,  and  such  a  degree  of  inclination  skilfully  given,  as  shall  carry  off 
"  the  lighter  particles;  leaving  a  heavy  black  sand,  behind.  It  Is  in  this  sand, 
*'  that  the  particles  of  gold  are  found.  It  is  triturated  with  quicksilver,  which 
"  takes  up  the  gold ;  and  the  amalgam  being  separated  from  the  still  remaining 
**  imparities,  is  set  over  a  fire  to  evaporate  the  mercury :  the  gold  remaining 
''  behind  in  the  vessel." 

Captain  He&bsbt,  Anatic  RuearcheB,  i.(1829),p.  238. 

*  Extracts  from  the  Beconh  of  Government  (Calcutta,  1855),  pp.  3, 4, 

t "  The  gold  obtained  from  the  sand  of  rivers ;  paid  during  the  Gorkhali  rule, 
''  a  small  duty ;  but  the  amount  was  too  small  to  render  its  continuance  expedient ; 
"  and  it  was  accordingly  abolished  by  the  Commissioner." 

Captain  Hsbbebt,  Asiatic  lUseanhes,  i.  (1829),  p.  237. 

*'  The  gold  washers  who  resort  to  the  Bamgunga  in  the  Patlee  Bhoon  earn 
**  but  a  scanty  subsistence,  and  the  farmer  ^  *  *  only  pays  Government  25  rs." 
**  (about  two  pounds  and  ten  shillings)  "  per  annum  for  the  privilege  of  collecting 
**  the  dues  from  these  people," 

Kb.  CoiunMiONBB  Battbn,  Official  Reports  on  Kumaon,  p.  157,  Note. 

X  "  The  sheep  carries  a  burthen  of  from  five  to  eight  seers  "  (10  to  16  lbs,), 
<*  snd  the  goat  from  six  to  twelve  seers  "  (12  to  24  lbs.).  **  Grain,  borax,  salt  and 
**  such  articles  are  sewn  up  in  small  saddlebags,  made  of  worsted,  and  cased  with 
"  leather ;  these  are  laid  across  the  back,  and  are  secured  merely  by  a  crupper 
*'  and  breast  band.  «  •  •  Laden  sheep,  on  short  journeys,  can  accomplish 
"  seven  or  eight  miles  a  day ;  but  for  a  continuance,  cannot  keep  up  a  greater 
"  rate  than  five  miles ;  they  travel  only  for  a  short  time  in  the  morning  and  in 
"  the  evening,  during  the  heat  of  the  day  they  are  unloaded  and  suffered  to 
'"grase." — ^Mb.  Coicmissionbb  Tbaili»,  Asiatic  lUsearches;  ^  Official  Reports 
on  Kumaon^  p.  78. 

H 
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traffic  in  gold  of  great  purity  collected  from  sands  of 
the  sacred  lakes.* 


The  methods  of  mining  and  smelting  which,  adapted 
to  local  circumstances,  were  actively  carried  on  whilst 
Kumaon  and  Gurhwal  were  subject  to  Goorkba  rule, 
are  still  practised  by  the  natives ;  and  have  been  little, 
if  at  all,  improved  since  the  Country  has  fallen  under 
British  Government ;  as  the  smelter's  means  enable  him 
to  reduce  none  but  the  most  fusible  ores ;  such  only  are 
objects  and  guides  to  the  miner.  These  are  however  for 
the  most  part  irregularly  mixed,  commonly  in  isolated 
lumps  and  granules,  but  at  times  in  short  narrow  veins, 
either  with  siliceous  and  other  earthy  ingredients,  or 
more  refractory  ores. 

Following,  without  system,  every  irregular  disposition 
of  the  softest  ore ;  the  works  seldom  maintain  for  more 
than  a  few  feet  at  a  time  either  the  same  horizon, 
direction,  or  dimensions,  but  take  upward  and  down- 
ward ; — to  the  right  hand  and  to  the  left ; — divide  and 
reunite; — enlarge  to  several  feet  and  dwindle  to  as 
many  inches,  as  well  in  width  as  in  height,  and  all 
within  a  few  fathoms  space.f 

The  refractory  is  partially  separated  from  the  fusible 
ore  at  once ;  the  former  is  carelessly  stowed  round  the 
sides  of  the  mine,  the  latter  is  removed  for  use. 

*  Mr.  CommiBsioner  Traill,  Aaiatic  Reaearchsa ;  S^  Official  Reports  on  Kumaon, 
p.  101.  lioyd  &  Qerard,  Journey  from  Caunpoore  to  the  Boorendo pass,  p.  232. 
Eneydopadia  MetrcpolUana  (Thibet),  XXT.  p.  589.  Penny  Cyelo,  (Himalaya), 
XII.  ^.  198. 

t  "  The  mines  resemble,  as  Mr.  Traill  has  obserred,  rather  the  barrow  of  an 
''  animal,  than  the  path  of  a  human*  being." 

Captaiit  Hbrbbbt,  Atiaiic  Reeearehes,  i.  (1829),  p.  240. 
Extracts  from  the  Records  of  Government  (Calcutta  1866),  pp.  28, 80,  38. 
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Through  passages  so  narrow,  low,  and  crooked,  and 
over  floors  so  uneven  as  these,  it  is,  however,  impossible 
to  convey  it  to  the  surfiace,  either  in  wheel-barrows 
and  tram-waggons  worked  by  hand,  as  in  Europe ; — in 
Carrumbhs*  borne  on  the  head,  as  in  Brazil; — or  in 
leathern  sacks  on  the  shoulders,  as  in  Chili.f  It  is 
therefore  either  packed  in  small  bags,  or  heaped  on 
strips,  of  hide ;  one  end  of  a  cord  is  tied  to  this  load, 
and  the  other  is  passed  round  the  loins  of  a  workman  ; 
who,  creeping  and  wriggling  through  the  narrow 
passages,  thus  drags  it  after  him  to  the  surface.;];  Nor 
is  this  irksome  toil  without  danger ;  for  the  ill-propped 
rubbish  on  each  side  set  in  motion, — in  rare  instances 
by  earthquakes,^  but  more  commonly  either  by  a  touch 
from  the  unwieldy  load  behind  him  or  by  his  own 
struggles  in  drawing  it, — has  sometimes  closed  on  the 
unhappy  labourer.  In  such  cases  the  natives  prefer 
opening  new  mines  on  the  same  formation,  to  resuming 
the  old  ones.  II 

*  "  Flat  wooden  bowls,  about  a  foot  and  a  half  in  diameter." 

Gardnxk,  Tfuvela  in  the  Interior  of  Brazil,  p.  450. 

t  Captain  Basil  Hall,  Journal  written  on  the  coast  of  Chili,  Peru,  and  Mexico, 
lu  p.  32.  Sir  F.  Bond  Head,  Bart.  (Edit.  1826),  Journey  aeroaa  the  Pampas, 
p.  226.  Darwin,  Journal  of  Researches  in  the  Native  History  and  Geology  of  the 
Countries  visited  by  H.  M.  5.  Beagle  (Second  Edition),  p.  341. 

}  "  The  ore  is  brought  out  of  the  mine  on  buffaloe  hides,  which  are  dragged 
"  adong  the  ground  by  boys,  with  a  rope  tied  to  one  end,  and  passed  round  their 
'*  bodies." — ^M&.  CoMMisaionBB  Tbaill,  Asiatic  Researches^  XTi.  p.  137. 

Extracts  from  the  Records  of  Oovemment  (Calcutta,  1855),  p.  28. 

{  **  Kemaoon  is  extremely  subject  to  earthquakes ;  scarcely  a  year  passes 
"  without  a  shake  or  two." — Bishop  Hbbsb,  NartUive  of  a  Journey  through  the 
%^pper  provinces  of  India  (Edit.  1849),  i.  p.  272. 

Mr.  Commissioner  Traill,  Asiatic  Researches,  xvi.  p.  137. 

At  Almora  the  shocks  of  earthquakes  are  felt  much  more  severely  on  the  sides 
than  along  the  ridge  of  the  mountain. 

0  Mr.  CommiMioner  Traill,  Asiatic  Researches,  xTi.  p.  137. 
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As  these  ragged  holes  are  unfit  equally  for  channels 
and  for  roads,  the  miners  are  sometimes  incommoded 
although  their  works  are  seldom  or  never  flooded,  for 
they  are  generally  at  such  elevations  that  water  entering 
them  again  oozes  out  through  natural  crevices  and  joints. 
Mungla  Lekh  is  therefore  the  only  iron-mine  in  these 
Provinces  whence  water  flows  to  the  surface  through 
(an  adit)  a  gallery.* 

As  the  copper  deposits  ofier  from  their  less  porous 
structure — fewer  channels  for  the  passage  of  water  than 
are  natural  to  the  iron  series ;  the  galleries  (adits)  by 
which  their  drainage  is  accomplished  were  originally 
made  with  propoi*tionally  greater  care.     Commenced 
whilst  the  Country  was  subject  to  Goorkha  rule,  their 
outer  portions, — though  of  smaller  dimentions   than 
are  usual  in  Europe, — are  large  enough  for  ordinary 
purposes,  and  were  at  first  carefully  timbered.     Since 
it  has  fallen   under   British   dominion  however   the 
Royalties  have  been  formed  by  native  middle-men ; 
who  not  only  exact  heavy  rents  from  the  miners,  but 
limit  their  tenures  to  one  year.     Terms  such  as  these 
are,  of  course,  declined  by  capitalists;   the  labourers 
therefore  become  themselves  tenants.    As  the  govern- 
ment neither  exercises  supervision   nor  affords  them 
protection,  and  they  are  prevented  both  by  their  poverty 
and  by  the  restrictions  of  their  leases  from  pursuit  of 
objects  unattainable  within   the   year,   they   confine 
themselves  to  maintaining  the  drainage  as  cheaply  as 
possible  and  to  works  immediately  productive. 

*  Extracts  from  the  Records  of  Government  (Calcutta,  1856),  p.  20. 
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The  small  and  ill-made  mining  tools,*  entirely  of 
iron, — are  picks,  hammers,  wedges  (gadsjy  and  pointed 
bars,  perhaps  half  the  weight,  and  scarcely  one-third 
the  eflSciency  of  those  used  for  similar  work  in  other 
Countries.  With  these  however  the  miners  ?X  BurraU 
goon  extract  from  (two  to  six  maunds)  1 60  to  480  lbs. 
and  in  other  districts  about  (six  maunds)  480  Ibs.'f  of 
iron-ore  per  day  each.  J  But  they  are  unequal  either  to 
breaking  or  to  boring  the  siliceous  formations ;  nor  in- 
deed have  the  native  labourers  opportunities  of  obtain- 
ing gunpowder.  As  therefore  means  of  blasting  are  not 
attainable,  the  harder  rocks  are  partially  calcined  in 

*  Mr.  Commissioner  Traill,  AmuUxc  Researches,  XTi.  (1828),  p.  137.  Captain 
Herbert,  Ibid,  i.  (1829),  p.  244.  Captain  (now  Lieut.  Col.)  Drummond,  Journal 
of  the  Asiatic  Society,  tii.  (1838),  p.  936.  Extracts  from  the  Records  of  Govern- 
ment  (Calcutta,  1835),  p.  27. 

i*  At  StrntiA-A^t  Mr.  Deputy  Collector  Becket  found  each  miner  breaking  from 

(eight  to  twelve  maunds)  640  to  960  lbs.  of  ore  per  day :  but  this  much  above  an 

average.  Selections  from  the  Records  of  Government,  N,W.P.,  Part  xiii,  ( 1853), 
p.  69. 

X  Extracts  from  the  Records  of  Government,  (Calcutta,  1865),  p.  29. 

f  **  The  ores  are  the  softest  part  of  the  rock,  and  are  consequently  dug  out 
**  first,  after  which  the  miners  bum  the  rock  with  wood  and  then  throw  water  on 
'*  it.  Owing  to  the  calcareous  nature  of  the  rock,  this  process  facilitates  the  work 
**  considerably ;  but  still  I  think  blasting  would  be  cheaper,  as  the  burning  doe» 
*<  not  penetrate  beyond  a  few  inches  in  the  rock." 
Mb.  CoiCHiBSiONXii  LxTBHiNGTON,  Joumolofthe  Asiatic  Society,  xii.  n.b.  p.  464.. 

At  Fahhm  in  Sweden  **  fires  are  kindled  in  difierent  parts  of  the  mine  every 
'*  Saturday  abont  noon ;  which  continue  burning  the  whole  of  Saturday  night, 
*'  and  all  Simday,  with  a  view  to  soften  the  rocks,  and  facilitate  their  being 
*'  wrought  for  the  ore.  Gunpowder  was  formerly  used  for  blasting ;  but  this  is 
"now  applied  sparingly:  it  being  the  opinion  of  the  most  experienced  men  in 
**  Fahfym,  that  a  judicious  application  of  the  two  methods  succeeds  better  than 
"  either  of  them  alone ;  for,  as  the  blasting  by  gunpowder  always  leaves  a  certain 
*'  nnmber  of  irregular  projections  in  the  rocks,  the  subsequent  process  of  applying 
**  fire  to  these  inequalities  tends  to  soften  them,  and  to  expedite  the  fall  of  the 
**  ore.  The  fires  *  *  *  are  under  the  strictest  regulations :  the  exact  quantity  of 
"  wood  that  shah  be  consumed  is  duly  specified,  and  moreover,  the  precise  portion 
"  of  the  rocks  to  which  the  several  fires  are  to  be  applied."  Travels  in  various- 
countries  of  Europe,  Asia  f  tmd  Africa,  By  Edwabd  Daniel  ClabkEi  L.LJ>.- 
(Edit.  1824),  X.  p.  531. 


62  W.  J.  Henwood,  on  the  Metalliferous 

sitA,^  and,  thus  softened,  are  wrought  with  the  ordinary 
mining  utensils.  But  though,  from  imperfect  venti- 
lation, the  fires  kindled  in  mines,  soon  expire ;  the  foul 
air  and  smoke  they  difiuse,  materially  incommode  the 
workmen  and  impede  their  operations. 

Torches  of  pine-wood  are  used  by  the  miners  when 
at  work,*  and  serve  their  purposes  very  well ;  but  they 
vitiate  the  air  more  than  either  oil  or  candles  giving 
equal  light. 

Under  the  superintendence  of  Mr.  Wilkin  a  Cornish- 
man,  an  attempt  was  made  by  Government  in  1838- 
41  to  examine  the  mineral  resources, — especially  the 
copper  formations, — of  this  district ;  and  to  introduce 
at  the  same  time  better  tools,  and  improved  modes  of 
mining,  amongst  the  natives.  The  experiment  was 
conducted  at  Pokree^'^  a  lone  spot  midway  between  the 
Dhunpoore  %  copper-mine  and  the  snowy  range,  near 
the  northern  confines  of  British  India.  The  metal- 
liferous deposits  examined  offered  no  especial  allure- 
ments at  the  surface,  and  their  appearances  did  not 
improve  as  they  were  followed  downward.^   The  works 

*  '*  Strips  of  turpentine  fir,  are  used  for  light." — Ma.  Commissioneb  Tbailx., 
AtitUie  Researehetf  xyi.  p.  138. 

At  Rorcuu  in  Norway  **  the  guides  who  accompanied  us,  carried  with  them  deal 
"  splinters,  bound  into  faggots,  each  bundle  being  about  as  thick  as  a  man's  arm, 
**  These  splinters  they  use  as  torches."  7Vao0&  in  variota  ccwttriet  of  Europe, 
Atia,  and  Africa.  By  Edward  Danisl  Clab&b,  L.L.D.  (Edit.  1824),  x.  p.  187. 

t  Ante,  p.  6.  %  Ibid,  p.  11. 

{  Mr.  Wilkin's  experiment  extended  over  a  period  of  two  years  and  eight 
months;  and  the  galleries,  shafts,  and  wimea  opened  measured  257^  fathoms; 

the  copper-ore  obtained  realized  ....    779|  rupees,  or £77  19    0 ; 

and  the  amount  expended,  for  native 

labour  and  materials  was . .   3364|        „  £336    90 

and  for  European  superintendence..  4800  „  480    0    0 

81 64|  rupees,  or    816    9    0. 

A  loss  was  therefore  incurred  on  it  of  7386  rupees,  or     £738  10    0. 
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instituted  on  them  were,  however,  ably  designed,  well 
opened,*  skilfully  timbered,  and  carefully  drained ; 
barrows  were  used  in  the  galleries  (levels),  and  wind* 
lasses  f  (takUs)  and  buckets  (kibbles)  m  the  shafts 
and  winzes ;  X  whilst  inhabitants  of  the  neighbourhood 
were  taught  the  advantages  of  systematic  mining, — 
to  make  and  use  tools  common  in  Europe, — and  to 
improve  the  implements  already  employed  and  wield 
them  with  greater  effect.  The  benefit  of  this  instruc- 
tion, though  still  enjoyed  at  Pokree,  has  not  yet 
extended  to  other  districts. 

When  brought  to  the  surface  iron-ore  is  broken  into 
pieces  about  the  size  of  chestnuts,  and  washed  by  women 
and  children;  the  less  fusible  varieties  are  rejected, 
and — except  at  Pahlee  §  and  Sahloo\\  where  it  is  first 
calcined, — the  rest  is  ready  for  the  furnace.^ 

Enormous  quantities  of  rich  ore,  which  would  have 
been  eagerly  sought  in  any  other  country,  are  too 
refractory  for  the  native  smelter's  small  furnaces  and 
feeble  blast ;  and  thus, — worthless  to  him, — cumber  the 
passages  and  surface  of  every  mine  in  the  Provinces.** 

Mr.  Commissioner  Lnsbington,  Journal  of  the  Asiatic  Society,  xii.  N.8.  pp. 
457, 4M,  467.     Qficial  Reports  en  Kvmaon^  pp.  370, 371,  379. 

*  "  One  or  two  barrels  of  gunpowder  were  expended  in  blasting."—  Miu 
CoiMMUSiOMBK  LvsHiMOTOK,  Jowmol  of  the  Asiatic  Society,  xn.  N.8.  p.  456. 
Note. 

t  A  straw-rope  was  worked  with  the  windlass  and  backet  at  Khetsaree, 

X  "  Wmge, — an  opening  on  the  dip  of  a  Tein  from  one  gallery  to  another, 
"  which  does  not  reach  the  surface.  "—ComtMi//  GeoL  Trans,  ▼.  p.  6. 

i  AnU,  p.  25.  I  Ante,  p.  19. 

5  Sziracis  Jrom  the  Records  of  Government  (Calcutta,  1855),  p.  29. 

••  iMtf,  pp.  29.  30. 
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Every  group  of  mines  affords  stone  suitable  for 
furnaces,  and  they  are  generally  made  about  two  or  two 
and  a  half  feet  high,  and  from  twenty  inches  to  two 
feet  in  diameter  within.  The  blast  is  maintained 
in  them  by  the  alternate  action  of  two  air-bags* 
(for  without  frame-work  they  can  scarcely  be  called 
bellows),  made  of  buffalo-skins,  and  hand-worked  by 
women,  without  even  a  brake-staff. 

Iron  ores  are  in  many  mines  f  naturally  associated 
with  lime  enough  to  satisfy  every  chemical  require- 
ment of  the  smelter.  The  advantages  obtained  by 
mixing  specular-iron  from  Nutoa  Kanh  J  with  com- 
pact brown  iron-ore  of  neighbouring  mines  ^  have  not 
however  taught  the  natives  to  use  fluxes  elsewhere.  || 

The  ordinary  charge, — from  four  to  five  huudred 
lbs.  of  ore  with  the  requisite  fuel, — not  only  fills  the 
furnace,  but  forms  also  a  conical  head,  of  perhaps  a 
foot,  above  it ;  but  the  heat  obtained  is  neither  suffi- 
ciently great,  nor  long  enough  maintained,  either  to 
reduce  the  whole  charge,  or  to  free  the  liquified  portion 
of  it  from  slag,  in  a  single  process;  the  mass  partially 
smelted  in  one  furnace  is  therefore  further  refined  in 
another.  The  metal  thus  obtained  is  repeatedly  heated, 
welded,  and  hammered,  and  is  then  fit  for  use.^     Its 

*  '*  The  heat  is  urged  by  two  air-bags  or  skins,  which  are  alternately  shut  and 
**  opened  by  the  hand." — Capt.  Hbbbbrt,  Atiatio  Betearchn,  i.  (1829)|  p.  244. 

t  Ante,  pp.  81,  85,  87.   TaNe  IL      I  Ante,  p.  28.  JMe  L 

§  Ante,  p.  22.  Table  I. 

II  Oaptain  Herbert,  Anatic  Reeearehes,  i.  (1829),  p.  252. 

%  "  The  ore  is,  in  the  first  instance,  broken  small,  and  roasted  by  the  miners, 
"  until  the  whole  quantity  adheres  together,  forming  a  single  mass :  in  this  state 
*'  it  is  delirered  by  them,  for  further  process,  to  the  blacksmiths,  by  whom  the 
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quality  is  generally  very  good ;  but  trifling  peculiarities 
mark  the  produce  of  different  localities.  Steel  made 
at  Sheffield*  from  iron  smelted  at  Purturhurd ; '\ 
closely  resembled  that  obtained  by  converting  Swedish 
iron  of  second  quality. 

Frotn  one-fifth  to  one-third  of  the  ore  remains,  from 
every  charge^  unsmelted  in  the  furnace.;}; 

Although  oaks  flourish  near  some  of  the  mines ;  and 
hard-woody — whether  charred  or  uncharred,-r-makes  a 
stronger  and  more  enduring  fire  than  soft ;  whilst  large 
pieces,  of  any  quality,  afibrd  greater  heat  than  small 
ones :  fir-charcoal, — seldom  more  than  three  inches  in 
diameter  and  generally  much  less,§ — is, — ^because  it  is 
obtained  with  least  labour, — the  only  fuel  used  for 
smelting;  and  want  of  due  care  in  preparing  this 
materially  dinunishes  its  value.  The  destruction  of 
saplings  by  the  charcoal-burners  is  not  remedied  by 
a  succession  of  younger  trees ;  for  all  such  either  perish 


"  Totsted  ore  li  once  more  broken  small,  and  then  exposed  in  cmeiblea  to  a  strong 
"  heat,  sniBcient  to  fuse  the  Titreons  matter,  which  runs  olf  through  a  hole  left 
"  fat  that  purpose.  The  metal  remains  in  the  crucible,  and  is  then  beaten  up 
'<  into  small  bars  for  the  market." 

Mb.  Cokxibszonbb  T&aiix,  AtiaHc  lUtearehet,  xyi.  p.  188. 

**  The  iron  is  nerer  smelted,  but  comes  out  of  the  furnace  in  porous  knobs  Tory 
«<  much  the  size  and  shape  of  the  original  pieces  of  ore.  •  *  *  The  miner  is 
''  content  with  selling  them  in  this  state  to  the  blacksmiths  who,  again,  are  Tory 
**  sparing  in  labour  when  shaping  them  into  the  pigs  in  which  thej  are  finally 
'^  sold  in  the  basar."— Captain  Hbbbbbt,  Atiatie  lUMear^et,  l.  (1829),  p.  262. 

*  By  Messrs.  Johnson,  at  the  ^  Western  Works." 

t  ArUe,  p.  24.  Table  I. 

X  This  residue  is  equally  shared,  between  the  farmer  of  Goyemment  dues  and 
the  smelter. 

{  ExtrotUjrom  the  Seeorde  of  Oovemment  (Calcutta,  1865),  p.  31. 
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6r  are  greatly  injured  when  the  surrounding  herbage, — 
having  withered  during  winter, — ^is  burnt,  as  spring 
approaches,  that  its  ashes  may  nourish  the  growing 
grass.  When  smaller  wood  is  no  longer  obtainable 
the  largest  pines  are  felled  ;•  and,  as  it  is  easier  to  lop 
their  branches  than  to  split  their  trunks,  the  former 
are  charred,  whilst  the  latter  are  left  to  rot  where  they 
fall.*  This  reckless  waste  of  so  much  valuable  timber 
has  long  been  a  subject  as  well  of  public  remarkf  as  of 
official  remonstrance,^;  but  Government  has  taken  no 
measures  either  to  arrest  it,  or  to  maintain  the  forests. 
Alternately,  either  farmers,  or  miners  and  smelters, 
the  workmen  leave  the  field  for  the  mine  and  furnace, 
or  return  to  it,  as  the  season  may  be  suitable  for  labour 
in  either  ;§  but  as  the  climate  is  not  uniform,  their 
migrations  are  not  contemporaneous,  throughout  the 
Provinces.  As  mining  and  smelting  are  carried  on  by 
parties  too  poor  either  to  sell  on  credit,  or  to  be  trusted 
by  the  middle-man  for  his  dues;  their  transactions — 

*  **  In  the  villey  of  Khetsaree  *  *  *  the  eztensiTe  pine  woods  of  the  Door- 
'<  gmdhee  and  Jowraeee  range,  eren  at  the  distance  of  fire  or  six  miles  from  the 
«  mines,  are  now  beginning  to  experience  indiscriminate  havoc  at  the  hands  of 
**  the  charcoal  burners,  who  cut  down  and  leare  to  rot  on  the  ground  thousands 
**  of  fine  trees,  merely  consuming  the  smaller  branches,  (to  saTC  themsdres  the 
**  trouble  of  splitting  the  large  trunks),  while  no  prorision  is  made  for  the  renewal 
*'  of  the  forest." — M&.  Coiixi88IOnb&  LuBBiKaToir,  Journal  of  the  Anatie 
Society,  XIX.  N.8.  p.  469. 

t  Bishop  Heber,  Ncaratwe  qfa  Journey  through  the  Upper  Provineee  of  India^ 
(Bdit.  1849),  X.  p.  274. 

X  Mr.  Commissioner  Lushington,  Journal  of  the  Atiatie  Society^  xn.  ir.8.  p. 
469.  Mr.  Deputy  Collector  Bechett,  Selectione  from  the  Beeorde  of  Qovemment, 
K.W.P.  (1858),  pp.  71>d.  Extracts  from  the  Beeorde  of  Oovemment  (Calcutta, 
1855),  pp.  82-6. 

i  Mr.  Commissioner  Batten,  Official  Reports  on  Eumaon,  p.  303.  Ante,^,  21, 
Extraetifirom  the  Records  of  Go9em$nent  (Calcutto,  1855)^  pp.  14,  20. 
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always  closed  immediately — need  no  record.  And,  at 
all  Royalties  are  now  farmed,  Government  is, —  for 
the  present  at  least, — but  indirectly  interested  in  the 
returns  from  its  mineral  property :  the  capabilities  of 
the  mines,  the  produce  of  the  furnaces,  the  state  of  the 
forests,  and  the  number  and  condition  of  the  people 
employed  in  them  are  therefore  unknown. 

During  the  spring  of  1855  there  were  worked  in 
Kumaon  and  Gurhwal* : 

DzsTBiCTS.  Iron  Furnacbs. 

Smelting.    Refining.        TotdL 

Kotelar  and  Khetsaree  f  16 22 38 

Chowgurhka,  &c.  t    28 39 67 

Agnr§     7 8 15 

Dhaniak6t6||  1   — 1 

Bhabar  If    ••••••••••• •  —  ••^••«  -* — - 


52  69  121 

In  the  processes  witnessed  by  Mr.  Deputy  Collector 
Beckett**  at  Simulkhety  1,860  lbs.  of  compact  and 
hematitic  red  iron-ore  were  smelted  with  680  lbs.  of 
charcoal  and  yielded  655  lbs.  of  hloom^  which  refined 
with  654  lbs.  of  charcoal  afforded  163|^  lbs.  of  bar-iron. 

264  lbs.  of  similar  ores  from  the  same  formation 
reduced  with  192  lbs.  of  charcoal  by  native  smelters 

*  EjdracUfrom  Vit  lUeorda  of  Oovemmeni  (Calcutta,  1855),  p.  43. 

t  Ante,  p.  29.  t  ^f^>  P*  ^8.  {  Ante,  p.  21. 

D  Ante,  p.  33.  IT  Ante,  p.38. 

•  •  Selections  from  the  Reearda  of  Government,  N.W.P.,  Part  xiu.  (1853), 
p.  67.    Extractefivm  the  Records  ofOovemmewt  (Calcutta,  1855),  p.  39. 

i2 
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at  Burrulgaan  in  presence  of  Mr.  Davies^  my  Metal* 
lui^c  Assistant,  produced  80  lbs.  of  bloom  ;  and  this 
treated  with  84  lbs.  of  charcoal  gave  24  lbs.  of  saleable 
metal.* 

The  following  columns  show  the  proportions  of  bloom 
and  bar-iron  obtained  from  like  quantities  of  ore ;  and 

the  relative  amounts  of  fuel  used  for  smelting  and 

refining,  in  the  two  operations. 

Smelting.  RBFiMiNa. 


( ^       ( ^  ^ 

IftfM.  Ore,  Chareoal.  Bloom,       Chareoat.       Bar-tron, 

Um.  Ibf.  Ibf.  Ibe.  lbs. 

Simul-khet . .  100  . . . .  36-55  =  3521  ....  85*16  =:  8.79 
BurruIgaoD..  100  ....  72-72  =30-3    ....  31-81  =  909 

These  ores  contain  when  pure,  more  than  sixty  per 
cent  of  metalf;  but^  the  most  scrupulously  selected 
portions  of  them,  carefully  freed  from  impurities,  yield 
to  the  native  smelter  less  than  one-tenth  of  their  weight 
in  bar-iron. 


Each  party  working  underground  usually  consists  of 
two  miners  (Soanes)  and  four  labourers  C  Coolies  J:  the 
former  open  and  timber  the  works;  the  latter  stow  all 
poor  ore  in  unwrought  holes,  and  draw  that  of  better 
quality  to  the  surface;  where, — exercising  a  second 
scrutiny, — they  reject  every  refractory  ingredient,  but 
carry  all  fusible  matter  to  the  furnace.  Each  miner's 
complement  of  tools  costs  about  (eight  annas)  one 

•  Sxtraeis  from  the  Eooords  of  QovemmmC  (Calentta,  1856),  p.  39. 

t  Mmoirs  of  the  Seologicttl  Sunejf  of  QrttU  BriUm,    Iron-ora.    Pturi  /. 
(1856),  pp.  60-66. 
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shilling  per  month  for  repair,  and  consists  of  two  picks, 
two  hammers,  several  wedges  (gads)j  and,  occasionally 
a  pointed  bar,  all  made  of  iron ;  the  labourers  use  only 
hammers,  and  strips  or  bags  of  hide.  A  few  brief 
intervals,  devoted  to  the  celebration  of  Pagan  rites, 
alone  vary  the  native  workman's  constant  toil  of  eight 
hours  daily  throughout  the  year  :*  the  month  may 
therefore  average  twenty  eight  working  days.  More 
than  half  the  ore  broken  needs  for  its  reduction  a  heat 
fer  greater  than  any  native  furnace  ever  attains :  useless, 
therefore,  to  the  smelter,  all  such  is  either  left  under- 
ground, or  rejected  when  brought  to  the  surface. 
The  available  portion, -^-varying  with  circumstances, — 
averages  perhaps  about  (five  maundsj  400  lbs.  per  day 
for  each  of  the  two  miners  in  every  working  party .f 

When  ready  for  smelting  the  ore  is  divided  into  five 
equal  portions ;  of  which 

the  Farmer  of  Government  Royalties. .  .takes one ; 

„  Smelter „   one ; 

„  Charcoal  burners „    two; 

„  Miner  and  his  two  labourers  (coolies)    „    one. 

But  the  miner  has  still  to  share  his  part  with  his  two 
labourers  (coolies) ;  who  halve  one  moiety  of  it  between 
them,  whilst  he  takes  the  other.  Even  this  sufiers 
further  reduction ;  for  about  a  quarter  of  every  charge 
remains  unfused  in  the  furnace  and  is  equally  divided 
between  the  Farmer  of  Government  Royalties  and  the 
Smelter. 


^Extracts  fnm  the  Records  of  Government  (Calcutta,  1835),  p.  29. 

ti&te/ypp.  29,  80. 
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During  the  miner's  working  month  of  twenty  eight 
days,  he  obtains  on  an  average,  400  lbs.  of  cleaned  ore 
daily;  in  which  his  share — a  moiety  of  one-fifth — ^is 
1,120  lbs.;  and  this — ^at  nine  per  cent: — the  general 
yield  of  native  furnaces  in  Kotelar  and  Khetsaree — 
affords  about  100  lbs.  of  metal.  The  ordinary  price 
of  home-smelted  bar-iron  in  Kumaon  and  Gurhwal  is 
ten  rupees  for  fifty  six  seers j  or  one  Pound  sterling 
per  hundred-weight ;  at  which  rate  the  miner's  gross 
income  amounts  to  about  (nine  rupees)  eighteen 
shillings  per  month.  But  the  ordinary  working  party, 
of  two  (SoanesJ  miners  and  four  (Coolies J  labourers, 
whilst  smelting  their  portion  of  the  ore, — which  they 
do  without  sub-dividing  it, — provide  the  smelter  and  his 
assistants  with  20  lbs.*  of  meal  daily ;  this  costs— even 
in  the  cheapest  districts,t  at  least  (one  rupee)  two 
shillings  per  month  to  each  (Soane)  miner  for  his  one- 
fourth  part.  This  with  another  (eight  anncLs)  shilling 
for  repair  of  tools,  deducted  from  the  value  of  his  iron, 
reduces  the  miner's  net  earnings  to  about  (seven  rupees 
and  a  half)  fifteen  shillings  per  month,  or  barely 
sixpence  half-penny  a  day.  The  miner's  skill,  the 
nature  of  his  ore,  and  the  price  of  iron,  all — of  course — 
afiect,  more  or  less,  the  amount  of  his  gettings ;  but, — 
though  sometimes  as  low  as  five  pence ; — they  seldom 

exceed  seven  pence  per  day  J. 

• 

*  The  chief  Smelter  takes  4  lbs.,  his  sledge* man  and  four  women  who  work 
the  (air-bags)  bellows  each  3  l-5th  lbs. 

t  **  In  the  western  midland  pergunnahs  of  Gerhwal  •  •  *  wheat  is  selling 
"  at  two  maunds  (160  lbs.)  the  rupee." — Mil.  Comxissionbb  Tbaill,  AiiaHo 
JUseturchetf  xyii.     Official  Rtportt  on  Kumaon,  p.  98. 

XExtraeti  frtm  the  JUcords  of  Government  (Calcutta,  1855),  p.  80. 
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Entitled  to  but  half  as  much  ore, — supplying  the 
smelter  with  only  half  as  much  meal, — as  the  miner, — 
and  providing  no  tools,  the  labourer's  usual  earnings 
are  about  (four  rupees  and  a  half)  nine  shillings  a 
month  or  scarcely  four  pence  per  day :  occasionally, 
howeyer,  he  may  assist  either  the  miner  or  the  smelter, 
and  thus  obtain, — at  most — another  penny. 

The  wages  of  ordinary  labourers  is  still  smaller.* 

As  the  miner  and  his  two  labourers  realize,  between 
them,  about,  (eighteen  rupees)  thirty  six  shillings  per 
month,  by  selling  the  iron  (200  lbs.)  obtained  from 
their  shares  in  the  1 1 ,200  lbs.  of  ore  they  break  (dress), 
prepare,  and  carry  to  the  furnace;  every  (21  cwts.) 
ton  of  such  ore  delivered  at  the  smelting-house  stands 
them  in  about  seven  shillings  and  seven  pence.  More 
than  half  the  ore  extracted  is,  however,  too  refractory 
for  native  treatment,  although  comparatively  little  of  it 
is  beyond  the  skill  of  European  smelters;  ordinary 
bl^st-fumaces  might  therefore  be  supplied  with  ore,  of 
but  slightly  inferior  quality  to  that  now  selected  for 
use,  at  from  three  shillings  to  three  shillings  and  six- 
pence per  ton.t 

Throughout  Kumaon  and  Gurhwal  the  estimated 


*  '*  Two  annas  "  (three-pence)  *'per  diem  is  tbe  usual  rate  of  hire,  hut  to  en- 
"  tore  a  constant  supply  of  lahour  it  would  prohahly  he  found  necessary  to  raise 
**  it  to  8  or  4  annas." — ^Ma.  Cokkxbsioksa  LusHiMaTOir,  Journal  of  tho  AtiaUe 
Society,  xn.  kui.  p.  470. 

ExtnuUfrom  the  lUcordt  of  Oovomment  (Calcutta,  1855),  p.  80. 
*'  Even  the  modest  sum  of  (sixty-six  rupees)  Six  Pounds  and  tweWe  shillings 
"  exeeeds  the  annual  gains  of  the  common  Hindoo  labourer." 

The  TitMtf  24th  Octoher,  1859. 

fSgiracti  from  the  lUconU  of  Chvmnmeni  (Calcutta,  1885),  p.  80. 
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price  of  charcoal  delivered  at  the  furnace  from  forests 
within  four  miles,  is  about  (three  annas)  four  pence 
half-penny  for  (30  seers)  60  lbs.,*  or  fourteen  shillings 
and  eight  pence  per  ton.f 

The  Mining  Royalties  collected  in  these  Provinces 
by  the  Goorkha  Government  during  1812,  were — from 

Kumaon,  2,400  Furruchahctd  rupees,  or  1,800  Company s  rnpees. 
Gnrhwal,  2,401  „  „  l,800i        „  „ 


4,801t  „  „  3.e00|§       „ 


M 


British  dominion  was  established  during  1815;  and 
the  revenue — in  one  year  as  low  as  4,460  ||  rupees, 
and  in  another  as  high  as  5,417,^ — averaged  from 
that  period  to  1838    about  5,217  rupees;  viz., — from 

Copper.  Iron.  Total 

Kamaon  ....  1,000  ....  1,905  ....  2,905 
Gnrhwal 2,086 226  ....  2,812 

8,086  2,131  6,217  •• 


^ExtracU  from  the  ReeortU  of  Government  (Calcutta,  1885\  p.  33. 

t  Infonnation  was  obtained  from  xnany  parties  relatiTe  to  the  diviaion  of  their 
ore,  and  the  amounts  of  their  earnings ;  but  from  no  one  so  thoroughly  conTer- 
aant  with  every  particular  of  native  mining  economy  as  Kithna  Pudhan  of  Far- 
tubur&  (Collector  of  Rerenue.  Official  RepofU  on  JTumoofi,  p.  464),  who  farmed 
the  GoTcmment  Royalty  of  iron  mines  during  1854-5. 

:(Mr.  Commissioner  Traill,  Official  ReporU  on  Kumaon,  Appendix*  SiatemmUB. 

i  Mr.  Commissioner  Lushington,  Journal  of  the  Aeiatie  Society,  xn.  ir.8.  p.  467f 
Note,    Official  Beporte  on  Kumaon,  p.  369,  Note, 

I  In  1822-3  the  Cess  on  Copper  mines  was 3,360  rupees. 

»»  »  Iron        „  1,100      „ 

Mb.  Cok.  Tbaill,  Aeiatie  Betearehes,  xyi.  Official  Beporte  on  Kumamt  p.  51. 
H  Mr.  Commissioner  Lushington,  Journal  of  the  Aeiatie  Society,  xu.,  X.B.,  p. 
457»  Note.    Official  Btporte  on  JBMmaon,  p.  369,  Note. 
Jhid. 
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In  1855  the  amount  of  Royalty  had  materially 
declined:  for  all  works  at  jRat,*  Bellar^'\  Goron;\ 
and  Tarag-ke-TalX  having  been  abandoned;  whilst 
DAunpoore,  ^Pokree^,  A I  Agury'\  Kurrye^^  and 
Seera**  were  languidly^  and  inefficiently  wrought; 
the  public  income  from  copper-mines  fell,  during  that 
year,  short  of 1,900  rupees. 

The  farmer  of  Government  dues  from 
iron-mines  paid,  at  the  same  time, 
a  rent  of 1,950     „ 

Although  therefore  the  mining  revenue  had  increased 
from  about  three  hundred  and  sixty  before, — to  above 
five  hundred  Pounds  a  year  after — the  British  con- 
quest, it  has  again  dwindled,  to  little  more  than  its 
previous  amount 

*  "  At  present  the  reTenue  derived  from  these  mines  is  only  101  mpees  per 
"  annom.— 'Mb.  Coioiissionsr  Battbm,  Ofieial  Reports  on  Kumaon,  p.  274. 
t  Neither  of  these  mines  is  mentioned  in  any  Official  Beport  on  Kwnaon, 
X  "  There  is  a  small  copper-mine  recently  opened, —  jumma"  (annual  rent) 
'*  85  rupees." — M&.  Cox.  BatteNi  Official  Reports  on  Kumaon,  p.  317f  Note. 

f  '*  Twenty-one  Tillages,  large  and  small,  have  always  been  attached  to  the 
**  Dhnnpoore  miaes ;  and  it  has  been  found  impracticable  to  separate  the  leaie 
**  of  the  Tillages  from  that  of  the  mines.  *  ^  •  Out  of  the  total  reTenue  of  1,901 
'*  rupees  paid  by  the  farmer  of  OoTernment,  I  found  that  he  only  collected  266 
*'  rupees  from  the  Tillages."  Ihid^  p.  164. 

I  "  From  the  time  of  the  Ohoorkha  conquest  (1803)  up  to  the  year  1636  the 
'*  produce  of  the  Pokree  mines  had  become  more  and  more  scanty,  and  when 
**  (towards  the  close  of  the  aboTe  year)  these  mines  were  handed  OTer  to  Mr. 
"  WiUdn,  the  actual  revenue  at  which  they  were  rated  in  the  public  accounts 
M  amounted  to  100  rupees  per  annum,  and  tlds  small  sum  was  eventually  remitted 
**  for  that  year,  owing  to  the  poverty  and  utter  inability  of  the  farmer  to  pay 
M  the  QoTemment  demand." — ^M&.  Cokmissionbb  Lubringtom,  Journal  of  the 
Aiitttie  Society,  xn.  H.8.  p.  467.     Official  Reports  on  Kumaon^  p.  369. 

%  <*  The  copper  mines  in  Khurhai  at  present  yield  15  rupees  to  the  state,  and 
**  they  are  now  being  abandoned  by  their  lessees.  •  *  *  The  nature  of  the  soil 
"  in  which  the  cupriferous  deposits  occur,  renders  die  efforts  at  working  the  mines 
**  a  constantly  recurring  and  nugatory  labour,  and  the  results  the  most  puny  and 
*<eontemptible." — ^Mb.  ComcissiONBuBATTBN,  Official  R^porisonKwniaon.^,Z\Z, 

••  «  xhe  mine  at  present  *  ^  *  yields  hardly  any  proceeds.  The  last  farmer 
**  had  great  difficulty  in  paying  the  small  jumma  "  (rent)  '*  of  85  rupees  per 
«  annum."— lUJ,  p.  281. 

The  Royalty  received  by  QoTernment  from  Secra  during  1855  amounted  to 
35  rupees. 
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On  certain  deposits  of  Iron-ore  in  Bengal. 

Many  attempts  to  find  iron-ore  in  the  rich  and 
extensive  coal  formations  of  Bengal,  were  made,  as 
well  by  Gk>yemment  as  by  commercial  associations 
and  individuals,  long  before  the  extension  of  railway 
communication  through  India  had  increased  the  con- 
sumption of  iron  to  its  present  rate. 

(a.)  On  the  picturesque  southern  slope  of  the 
Rajmahal  range,*  quartzose  gneiss  is  overlaid  by  com- 
pact quartz-rock  at  Fitcooree  ;t  and  this  is  succeeded 
at  Jherria  by  siliceous  sandstone:  which — ^grey  in 
some  places  but  brown  in  others—occasionally  exhibits 
traces  of  carbonaceous  matter,  apparently  of  vegetable 
origin.  The  grey  varieties  contain  mica ;  the  brown 
probably  take  their  hue  from  imbedded  nodules  of  clay 
iron-stone,  oxydulated  iron-ore,  and  earthy  brown  iron- 
ore  mixed  with  quartz.  Generally  these  kernels  are 
smaller  than  pease,  though  a  few  of  them  are  as  large 
^  6ggs ;  most  of  the  ore  occurs,  however,  in  masses 
about  half  an  inch  in  diameter.  Slightly  screened  by 
a  meager  vegetation,;]:  the  rock  yields  readily  to  dis- 


*  Bishop  Heber,  Narraiive  qf  a  Jowmey  ihromgh  the  Upper  Promncee  of  India 
(Edit  1849),  I.  p.  119. 

t  "  The  country  round  Fitcoree  !b  rather  pretty,  the  hills  coYered  with  bamboo 
**  and  brushwood,  and  •  •  •  rising  rather  suddenly  from  the  elerated  plains. 
(I  •  •  •  Qreat  crumbling  masses  of  quarts  protruded  through  the  soil." 

Db.  J.  Daltok  Hookzb,  HimoXayan  Journals  (Edit.  1854),  i.  pp.  13, 14* 

X  «  The  vegetation  of  this  part  of  the  country  is  rery  poor,  no  good-sisedtsees 
"  are  to  be-seen,  all  is  a  low  stunted  Jungle."— -i^Mf,  p.  12. 
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* 

integrating  atmospheric  influences ;  its  lighter  siliceous 
particles  are  quickly  dispersed;  but  the  ferruginous 
ingredients  they  once  enclosed,  still  thinly  sprinkle  the 
surface. 

Masses  of  quartzose  breccia,  and  of  amygdaloidal 
trap*  mixed  with  earthy  manganese,  appear  above  the 
sandstone  at  intervals ;  and,  overlying  these,  a  bed  of 
bituminous  coed  of  excellent  quality,  from  seven  to 
twenty  feet  in  thickness,  is  traced  at  the  surface  for 
more  than  half  a  mile ;  but,  though  within  two  hundred 
miles  of  Calcutta,  it  is  wrought  only  to  supply  the 
neighbourhood.f 

A  few  small  heaps  of  iron-slag  show  that  the  ore  has 
not  been  unnoticed ;  but  when  the  experiment  which 
afforded  them  was  made,  or  what  result  was  obtained, 
is  alike  unknown  to  the  (Rajah)  proprietor  and  his 
attendants :  although  a  tradition  yet  remains  that  coal 
was  employed  in  it. 

(6.)  For  some  distance  on  either  side  of  the  coal 
formation,:]:  a  while  unsuccessfully  wrought  at  Paunch- 

•  Dr.  J.  Dalton  Hooker,  Himalajfon  Joumalt  (Edit  1854),  i.  p.  IS.J 

t  Mr.  Homfray,  Journal  of  the  AMiatie  Socisiif,  xx.  N.8.  p.  789.    Mr.  Williams, 
lUport  <m  Da$noodah  VaUey  (Calcutta,  1860),  p.  88. 


4« 


X  Ibid,  p.  67. 

Dr.  Me.  Lella&d,  AQwrit  of  ihs  Qoologioai  Surv&y  of  India,  CaloutU,  1850. 
'*  The  coal  crops  out  of  the  surface;  but  the  shafts  worked  are  sunk  through 
thick  beds  of  alluTium.  The  age  of  these  ooal  fields  is  quite  unknown,  and  I 
regret  to  say  that  my  examination  of  their  fossil  plants  throws  no  material  light 
*'  on  the  subject.  Upwards  of  thirty  species  of  fossil  plants  haTe  been  procured 
•*  from  them." — ^Db.  J.  Daltom  Hookbb,  Himalayan  Joumalt  (1854),  i.  p.  7* 

Professor  Oldham,  EdMurg  New  PhiloiopMeal  Journal,  ii.  N.8.  210. 

Messrs.  Hislop  and  Hunter,  Quarttrlff  Journal  of  <Ae  Qtohgical  Society  qf 
London,  xi.  p.  377. 
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maulee,  about  a  mile  north-west  of  Taldanga  on  tlie 
Barrukkar,  the  joints, — ^unusaally  numerous,  short, 
and  broad,  in  certain  parts  of  the  brown  siliceous  sand- 
stone,— ^are  lined  with  many  thin  laminae  of  clay  iron- 
stone, which  thus  impress  a  brecciated  character  on  the 
mass.*  Spheroidal  nodules, — each  wholly  or  in  great 
measure  made  up  of  many  concentric  bands, — of  the 
same  ore,  also  abound  in  the  neighbourhood ;  but 
especially  beneath  the  coal,  in  a  bed  of  shale,  from 
four  to  six  inches  in  thickness.  This  was  formerly 
wrought  by  the  natives,  as  well  from  shallow  shafts 
as  in  open-cuttings,  throughout  an  area  of  perhaps 
seven  acres;  and  the  ore,  so  obtained,  was  smelted 
with  charcoal. 

South  of  the  Barrukkarf  the  sandstones  and  coal  of 
Paunchmaulee  are  succeeded  by  a  large  body  of 
shale;  through  which  clay  iron-stone  is  disposed  in 
small  groups  of  irregular  beds ;  but  these  are  seldom 
either  as  much  as  three  inches  in  thickness,;];  or  more 
than  ten  feet  in  length  and  depth. 

(c.)  Many  parts  of  the  productive  coal  district  near 
Raneegunge,  are  covered  with  coarse  gravel ;  composed, 

*  Between  Chunra  and  Kala-panee  in  the  Himalaya  *'  the  sandstone  *  •  *  is 
«  curiously  divided  into  parallelograms,  like  hollow  bricks,  enclosing  irregularly 
"  shaped  nodules.  I  have  seen  similar  bricks  in  the  sandstones  of  the  coal- 
"  districts  of  Yorkshire :  they  are  *  *  *  probably  due  to  some  Tery  obscure 
**  crystalline  action  analogous  to.  jointing  and  cleaTage/'<»DA.  J.  DAiSOit 
HooKBB,  Himalayan  Journals  (1864),  ii.  p.  285, 

t  Mr.  Williams,  Geological  Report  on  the  Damoodah  Valleff,  p.  67. 

X  Professor  Oldham,  Report  of  the  examination  qf  the  dittricti producing  iron' 
ore  in  the  JkunoodahVaUeg  and  Beerbhoom  (Calcutta  1853),  p.  4. 
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in  great  maasure,  of  brown  siliceous  sandstone,*  but 
mixed,  in  some  places,  with  small  nodules  of  clay  iron- 
Btone.t 

{iL)  A  bed  of  clay  iron-stone, — ranging  nearly  east 
and  west,  and  dipping  with  the  surface^  about  8**  south, — 
is  traced,  at  intervals,  for  perhaps  a  furlong  on  the  ridge 
and  twice  that  distance  on  the  side  of  Akysa,  a  hill 
some  eight  miles  north-east  of  Raneegunge.;}:  At  its 
outcrop  the  ore  is  about  a  foot  in  thickness ;  and, — 
occasionally  quartzose, — ^is  generally  of  good  quality ; 
towards  the  south,  however,  it  declines  as  well  in  size  as 
in  value :  and  at  the  bottom  of  the  slope  is — though 
mixed  with  siliceous  and  other  foreign  substances, — 
only  six  inches  thick. 

(e.)  Although  the  rock  for  some  distance  south  of 
Akysd  is  covered  by  a  thin  layer  of  sandy  soil,  it 
reappears  in  the  northern  bank  of  a  brook  at  Barrul 
Cajoor ;  not  however  in  one  broad  bed,  as  before ;  but, 
— ^interlying  a~  buff-coloured  siliceous  sandstone, — in 
several  small  ones ;  which  within  a  few  iathoms  space 
unite,  divide,  vary  in  quality,  dwindle,  assimilate  to  the 
rock,  die,  and  re-appear. 

A  few  heaps  of  slag  only  remain  to  show  that  attempts 
at  iron-smelting  were  formerly  made  in  the  neighbour- 
hood. 


*  Mr.  Homfhiy,  Journal  of  the  Atiatie  Soeietjf,  xi.  ir.8.  (1842),  p.  743. 

t  Profesaor  Oldham,  Rqtort  of  the  examination  af  the  dietricts  producing  iron-' 
ore  m  the  Damoodah  VaUey  and  Beerbhoom, 

Siajor  Baker,  and  Professor  Oldham,  EztraeUfrom  the  Reeordt  of  Oovemment, 
Ko.  964  (Calcutta,  1863),  pp.  1—8. 

t  Mr.  Homfraj,  Journal  of  the  Aaiatie  Society,  xi.  K.8.  (1842),  p.  746. 
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The  sandstone  containing  small  beds  of  clay  iron- 
stone is  succeeded  by  a  seam  of  coal,  which  has  been 
opened  in  several  places ;  from  this,  however,  attention 
has  been  withdrawn,  by  the  richer  and  more  accessible 
deposits  of  Raneegunge.* 


*  Excellent  as  the  Bengal  ooal  is  for  general  purposes,  experienced  persons 
haTe  failed  in  every  attempt  to  obtain  serriceable  coke  firom  it:  the  East  Indian 
Bailway  Company  therefore  work  their  looomotlres  between  (Howrah)  Calcutta 
and  the  coal-mines  with  coke  made  of  British  coal  (1856). 
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The  Mining  District  of  Chanarcillo  in  Chili, 

about  fifty  miles  inland,  is  approached  from  the 
Pacific  coast  by  a  railway  between  Caldera,  Copiap6 — 
the  capital  of  Atacama, —  and  Pabellon ;  and  thence 
by  a  good,  though  circuitous,  road  across  the  moun- 
tains. 

The  isolated  mountain  of  Chanarcillo,  rises  nearly  four 
thousand  feet  above  the  sea  and  more  than  two  thousand 
higher  tlian  the  undulating  plain  surrounding  and 
separating  it  from  the  lower  Andes.  Thre6  strata  of 
limestone  and  two  of  quartz,  mixed  with  hornblende, 
bearing  some  30''  W.  of  N.  and  E.  of  S^*  alternate  in 
its  abrupt  north-eastern  escarpment;  but  dipping  in 
the  same  way  as — though  less  rapidly  than — the  surface, 
the  upper  two  of  them  only  crop  out  in  its  steep  south- 
western slope.  The  perfect  uniformity  of  this  declivity 
is  varied  by  the  Morro  de  San  Jos^  and  Morro  de  Dolores 
CPL  L)j  small  conical  hills,  formed  of  successively 
smaller  discs  of  rock,  each  traced  for  its  entire  circum- 
ference.  These  answer  as  well  in  composition  and 
appearance  as  in  situation  and  slope,  to  certain  beds  in 
the  mountain,  with  which  they  were,  perhaps,  originally 
united. 

When  silver  was  found  at  Descuhridora  (PL  L)j  in 
1831t  or  I832,j:  by  Juan  Godoi  a  muleteer  whilst  in 


•  In  Jane,  1857 » Mr.  E.  Price  Waxing  msoertainedthat  the  magnetic  Tariation 
at  Chanarcillo  was  13"*  50'  E. 
t  Mr.  Domeyko,  AnnaU*  de$  Minest  4me.  S^rie,  zx.  1846,  p.  453. 
}  Colonel  Lloyd,  lUpori  to  th9  Foreign  Office  (Woodfall,  London,  1857),  p.  7. 
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search  of  a  lost  animal,  the  district  was  overspread  by 
a  thicket  of  the  Chanar^ — a  species  of  dwarf  plum-tree, 
^— and  from  that  circumstance,  ^as  named  Ghanarcillo. 
A  large  mining  population,  attracted  by  the  discovery, 
quickly  stripped  the  surface  of  its  wood ;  so  that  neither 
tree,  shrub,  field,  garden,  nor  even  an  occasional  wild- 
flower,  now  relieves  the  brown  and  dreary  monotony, 
the  uniform  and  frightful  barrenness,  of  this  rich  but 
horrible  desert.  Although  the  bed  of  every  valley  and 
glen  is  overlaid  by  a  thick  bed  of  shingle,  pebbles,  and 
gravel,  deeply  scored  with  ruts  and  other  indications 
that  the  country  was  formerly  well  watered  :  there  is 
neither  a  single  spring  in  the  district,  nor  is  one 
streamlet  now  visible  from  the  bleak  summit  of 
Ghanarcillo ;  except — perhaps  twice  or  thrice  in  the 
year — when  an  occasional  shower  may  for  a  few  hours 
supply  each  ravine  with  a  scantily  trickling  rill ;  these 
are  however  quickly  absorbed  by  the  thirsty  soil. 

No  water  has  even  been  drawn  to  the  surface  of 
any  mine  in  the  district;  a  little  moisture,  however,-— 
derived,  perhaps,  from  ascending  vapour, — exudes  from 
some  of  the  rocks  and  veins,  but  it  is  immediately  ab«- 
sorbed  by  other  portions  of  the  neighbouring  strata. 

Amongst  the  many,  mines  opened  at  different  eleva- 
tions in  Ghanarcillo  three  only  have  been  wrought 
deeper  than  the  surrounding  plain ;  and  these, — though 
more  than  two  hundred  and  sixty  fathoms  below  the 
sur&ce, — are  still  far  above  the  sea. 

(A.)  (a.)  From  the  Manto  de  Ossa,  at  its  summit,  to 
San  Francisco  mejo^  far  down  its  slope,  the  mountain 
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is  composed  of  limestone:  which  is  more  than  one 
hundred  and  twenty  fathoms  thick  in  the  north  east- 
em  outcrop;  but, — firom  the  upper  inclining  more 
rapidly  than  the  lower  face  (PL  II,) — ^presents  a  mere 
edge  on  the  south-west. 

Between  the  Manto  de  Ossa  and  San  Francisco 
vigo  the  various  beds  and  the  lower  side  of  this  forma- 
tion maintain,  on  the  whole,  a  tolerably  regular 
inclination — of  about  S* — ^towards  the  south-west  At 
Colorada^  however,  an  irr^ular  boss  some  ninety 
fiithoms  in  diameter  and  thirty  in  thickness  (PL  II.j 
K.)  forms  its  nether  portion,  and  thus  extends  the  first 
limestone  to  within  a  few  feet  of  the  second.  This 
protuberance  is,  like  the  little  hills  at  San  Jos6  and 
Dolores  on  the  suriace,  constituted  of  many  somewhat 
elliptical  layers ;  which^ — ^narrowest  at  greatest  depths, 
and  vice  versdy—  closely  resemble,  as  well  in  bedding 
as  in  composition,  the  mass  of  limestone  they  adjoin. 

Although  many  cross-veins  heave  the  lodes  in  Chan- 
arcillo,  only  one  of  them  displaces  the  rocks  also.  ^ 

At  San  Francisco  viejo 

the  Coftwvidb  2eN2^  bearing  dS'' £.  of  N.  &  W 

the  Waring  lode,  bearing  88'  £.  of  N.  &  W.  of  S.,  and  dipping  W.  64'-78' ; 
and 

the  I>(>2evw  iVwimi  26d6,  bearing  88"*  E.  of  N.  &  W.  of  S.,  a^^ 
are  all  AetR^  abont  9  fins.  towardBitie  left-hand  and  greater  angle^(PL  L), 
bj  the  jFZttcan,  which  bean  80"*  W.  ^  N.  &  £.  of  S.,  &  dips  N.£.  70* ; 

and  on  one — (its  north-eastern  or  upper)-side  (^hanging 
wall),  the  strata  are  twenty-one  &thoms  below  their 


*  Comwall  Oeol.  Tram.,  y.  pp.  6, 6. 

L 
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counterparts  on  (its  south-western  or  lower  side)  the 
other*  (fooUwall)  (PL  II.).  South-west  of  the 
Flucan  they  dip,  however,  so  much  more  rapidly  than 
on  the  north-east,  that  their  outcrop  occurs  at  about 
the  same  level  it  would  have  maintained,  had  there 
been  no  displacement. 

(b.)  The  first  hornblendic  formation  separates  the 
first  from  the  second  limestone ;  its  upper  and  lower 
feces  are  therefore  respectively  parallel  to  the  nether 
side  of  the  one,  and  the  surfece  of  the  other.  As  the 
former  inclines  about  5%  and  the  latter  nearly  S"" ;  the 
rock  between  them  increases  in  thickness,  from  twenty- 
four  fathoms  at  its  north-eastern  outcrop,  to  fifty-four 
at  the  Flucan  in  San  Francisco  viyo^ — four  hundred 
and  eighty  fathoms  distant  on  its  slope  towards  the 
south-west.  Partaking,  however,  every  irregularity  in 
the  contour  of  both  bounding  strata,  it  is  sixty-five 
fathoms  thick  at  Desempeiio,  but  scarcely  five  between 
a  deep  depression  of  the  upper  and  an  opposite  elevation 
of  the  lower  limestone  in  Colorada.  It  suffers  in  com- 
mon with  the  other  strata,  a  vertical  displacement  of 
twenty-one  fathoms  at  San  Francisco  viejo ;  and  dips, 
like  them,  much  more  rapidly  to  the  south-west  than 
on  the  north-east  of  the  Flucan.  (PL  II.  N,0 ;  U,  V.) 

(c.)  The  first  hornblendic   formation   is  separated 
from  the  second,  by  a  deposit  of  limestone,  more  highly 


*  "  The  '  slip '  or  pltne  of  dlaloeatioii  hades,  dips,  nnderlays,  or  is  inclined  to 
"  the  Tertical  so  as  to  pass  under  the  depressed  portion  of  the  strata  which  are 
**  displaced/'— Profbsbob  Phillips,  WmtratioM  of  the  Geolwfy'of  TorkaMro, 
Part  II.  p.  111.  PL  xxjy.  Fig.  16. 
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inclined  than  the  first  (a.),  and  marked  on  both  faces^ 
but  especially  on  the  upper,  hy  undulations  larger  and 
more  numerous  than — with  a  single  exception  (PL  IL^ 
K.) — those  in  any  other  part  of  the  series.  A  few  por- 
tions of  the  surface  have  a  north-easterly  dip,  but  its 
general  inclination  is  about  8**  towards  the  south-west. 
The  lower  face,  less  deeply  inflected,  slopes  more 
rapidly — perhaps  lO"* — the  same  way.  Its  thickness 
thus  increases,  from  seven  fathoms,  beneath  the  Manto 
de  OssQj  to  nearly  thirty,  at  the  Flucan  in  Scm 
Francisco  viejo. 

(d.)  A  second  formation  of  quartz  and  hornblende, — 
the  largest  member  of  this  series, — divides  the  second 
(c.)  from  the  third  limestone  (e.).  Conforming  in  position 
to  the  rocks  they  adjoin, — its  upper  and  nether  faces 
dip  respectively  nearly  10°  and  about  4'  south-west; 
and  thus, — unlike  the  strata  above, — it  thins  from  one 
hundred  and  thirty-five  fathoms,  at  its  intersection 
towards  one  extremity  of  the  district,  to  less  than 
seventy  at  its  displacement  near  the  other. 

About  the  middle  of  this  formation  a  few  beds  of 
argillo-siliceous  limestone  (hydraulic  lime),  together 
less  than  two  fathoms  in  thickness,  maintain  an  approx- 
imate parallelism  to  the  second  limestone  (c.)  through- 
out Chanarcillo. 

(e.)  A  third  limestone  formation, — unrecognized 
elsewhere, — is  laid  open  in  the  lowest  works  of  the 
deepest  mines ;  but,  as  it  has  never  been  pierced,  its 
thickness  is  unknown.  Its  surface  dips  about  4»  towards 
the  south-west :  and — in  common  with  the  shallower 
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strata  (a,  b.  c.  d.)  is  displaced  at  the  Fluean  in  /San 
i^ranctsco  mgo* 

(B.)  Differences  in  structure,  composition,  and  colour, 
characterize  various  beds  in  each  of  the  five  formations. 
As  Chanarcillo  is  now  so  dry  and  so  destitute  of 
vegetation,  its  rocks  yield  to  disintegration  but  slowly ; 
their  structure  b  therefore  well  displayed  at  the  surface. 
The  first  limestone  (a.)  is  intersected  by  four  series  of 
joints,  which  bear 

r(l).  •16*— 30*  E.  of  N.  and  W.  of  S. : 

i (2). .  16'— 30-  S.  of  E.  and  N.  of  W. : 

c (3).  .20*— 30'  W. of  N.  and  E.  of  8. ; 

i (4).  .30'— 45*  N.  of  E.  and  S.  of  W. 

A  separate  and  distinct — approximately  rectangular — 

structure  is  thus  developed  within  the  mass  by  each  of 

the  two  pairs  respectively.    As  however  they  interlace 

diagonally,  the  quadrangles  articulated  by  one  pair  of 

joints,  are  subdivided  into  triangles,*  by  the  other. 


*  '<  Beside  the  joints  which  approach  to  rectangularity,  ther^  are  alto  otherf 
**  which  haye  an  intennediate  directioBi  and  diiride  the  blocka  diagonally  into 
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Bat  as  every  joint  suffers  occasional  interruptions*  and 
deflections,'!'  all  the  four  series  are  seldom,  if  ever,  alike 
pronounced  in  the  same  spot.  The  first  and  second, 
traced  at  short  intervals  throughout  the  district,  are  thus 
interlaid  by  the  third  only  at  Colorada  near  the  middle 
of  Chanarcillo,  but  by  the  fourth  alone  at  Descubridora 
and  the  Gfuias  de  Carvallo  on  either  side. 

Although  joints  are  in  general  merely  closed  seams, 
those  in  the  crest  of  this  mountain  are  so  wide  and  so 
numerous,  that, — filled  with  earthyj  and  stony  d6bri$ 
of  the  adjoining  rock, — they  impress  to  some  extent  a 
fragmentary  character  on  the  mass. 

(2.)  The  bed  known  in  different  mines  as  the  Manio 
de  OsMj  Manto  de  Mandiola^  Manto  de  los  CoboSf 
and  Manio  de  los  Bolados  is  usually  from  four  to  five, 
but  occasionally  as  much  as  eighteen  or  twenty  feet 
thick.    The  structure  is  generally  cellular  or  vesicular ; 

"  triangular  masses,  which  in  some  situations  seem  to  be  rather  more  evident  than 
**  the  rhombs." — Comwatt  Gwtogiad  Trantaeiiona^  y.  p.  170. 

*  "  Occasionally  a  *  *  *  joint  *  *  *  has  only  been  fonnd  by  the  breaking  of 
''  the  rock  in  working." 

Mb.  ENTSy  Londm  and  Edinburgh  Phil.  Mag.u,  (1833),  p.  822. 

t  "  But  though  the  joints  often  preserve  a  tolerable  regularity  for  some  distance 
**  they  have  firequent  and  considerable  flexures,  on  the  lines  both  of  direction  and 
"  of  dip ;  the  opposite  bounding  planes  of  the  jointed  masses  are  therefore  seldom 
*'  quite  paralleL"— Cbrntooir  Geoloffioal  TransactionM,  r.  p.  170.    Ante,  p.  13. 

}  Mr.  Domeyko's  analysis  of  this  earthy  matter  gave 

Carbonate  of  lime ..••  ,835 

Carbonate  of  magnesia •..•••••••  ,062 

Alumina  and  oxide  of  iron. •  ..••••••..  ,101 

SiUcs 170 

Insoluble  matter  ..••• ,270 

Water  and  loss ,072 

1,000 
Annalei  de$  Mine$,  4me  S^rici  ix.  p.  437. 


76  W.  J.  Henwood,  on  the  Mimng^ 

and  the  joints — especially  of  the  first  and  second  series — 
are  well  developed ;  but  they  are  fewer  and  narrower 
in  this  bed  than  in  that  which  overlies  it.  The  rock 
in  different  parts  is  either  of  a  dark  blue,  brown,  or 
buff  colour,  but  white  calcareous  spar  occurs  at  intervals, 
as  well  in  small  veins  and  isolated  masses,  as  facing  or 
filling  its  joints.  Throughout  this  bed,  especially  where 
calcareous  spar  and  earthy  iron-ore  abound,  for  some 
distance  on  either  side  of  the  Candelaria^  Colorada, 
and  Descuhridora*  lodes  the  rock  is  sprinkled,  its 
laminae  are  interlaid,  and  its  joints  are  invested  or  filled, 
with  granules,  filigrees,  leaves,  plates,  and  veins  of 
native  silver,  mixed  with  the  sulphuret,  the  chloride, 
and — less  frequently — the  chloro-bromidcf  of  silver. 
In  many  such  parts  of  the  Manto  this  impregnation 
has  been  so  general  and  so  rich  that  the  workmen  have 
left  only  a  few  slender  pillars  of  it  to  support  the  roof; 
and  these  are  mostly  pierced  and  scored  in  pursuit  of 
rich  veins  and  fibres.  On  every  side  of  the  cavemsj 
thus  opened,  galleries,  extended  on  lines  of  ore  nearly 
coincident  with  the  joints,  form  as  they  interlace  an 
almost  inextricable  labyrinth. 

Silver  and  silver-ore  are  thus  scattered  through  lime- 
stone in  this  part  of  Chanarcillo,  in  the  same  manner 


*  One  mass  of  natiye  lUver  and  silyer-ore  obtained  from  this  lode  was  so  large, 
Hiat  it  was  mounted  and  long  used  at  the  mine  as  a  card-table. 

t  Mr.  Domejko,  AnnaUi  dea  Minei,  4me  Serie,  ix.  p.  453. 

Colonel  Lloyd,  Rtpori  to  the  Foreign  Office,  on  the  Minee  of  Copiapd  (London, 
1867),  p.  13. 

X  In  such  an  opening  on  another  formation  at  the  Oviae  de  CartdQo  a  horse 
whim  has  been  set  up  and  is  worked  by  lamp-light. 


JDUtrict  of  Chanarcillo  in  Chili.  77 

as  gold  is  dispersed  through  Jacotinga*  in  Brazil; 
native  copper  through  certain  trap-rocks  near  Lake 
Superior ;  f  tin-ore  through  slate  at  Fatworkj  %  and 
through  granite  at  Carclaze,^  Raggy-rowal,  ||  and 
BaUeswiiiden!^  in  Cornwall,  at  Geyer  in  Saxony,  and 
Zinnwald  **  in  Bohemia ;  and  the  carbonate  of  copper 
through  sandstone  at  West  Feltonft  in  Shropshire, 
Alderley  Edge  j::[:  in  Cheshire,  and  Huidobro  in  Old 

Ca8tile.§§ 

(3.)  Many  small  cavities,  incrusted  with  the  chloro- 
bromide  of  silver  and  filled  with  calcareous  clay,  occur 
in  a  bed  of  ferruginous  limestone,  a  few  inches  thick, 
vhich  crops  out  at  Colorada  some  thirty  fathoms  below 
die  Manto. 

(4.)  A  second  thin  bed  of  cellular  limestone,  even  more 
ferruginous  and  clayey  than  the  first,  appears  about 
fifty-five  fathoms  beneath  it ;  and,  as  it  intercepts  the 
scanty  portions  of  rare  showers  which,  absorbed  by  the 


*  **  Micaceoiifl  iron  Schist."— -Qardnxe,  TnsoeU  in  the  Interior  of  BtomU, 
P*493.    Poeioa. 

t  Whitney,  MeiaBie  u>ealth  of  the  United  Statee,  pp.  270, 287. 

t  ComwaU  Oeoiogieai  Trontaetione,  T.  p.  120. 

{  M.  Jan,  Voffa^  Mitalhtrgiquee  (1766),  UL  p.  100.  Profetsor  Sedg^rick, 
Cambridge  PhUoeophicai  Traneaetione,  i.  p.  108 ;  and  (AddreiB  to  the  Geological 
Society,  18th  February^  1831),  Proceedinge  of  the  Oeohgieal  Society,  x.  p.  283, 
PhUoeophieal  Magtudne  and  Annate,  ix.  (1831),  p.  284.  M.  M.  Ton  Oeynhausen 
and  Ton  Dechen,  Philoeopkieal  Magazine  and  Annate,  y.  (1829),  pp.  241-2.  Br. 
Boaie,  CormoaU  Oeologieal  TraneacHone,  iy.  pp.  238-9.    Ibid,  y.  p.  120. 

I  CormoaU  Geological  Traneaetionet  Y.  pp.  6Z,  285.        f  Ibid,  pp.  Id,  235. 

**  Kr.  Hawkins,  Cornwall  Oeologioal  Traneaetione,  n.  pp.  83, 43. 

ttMurchison,  Silurian  Syetem,  pp.  39,  297.     Poatea, 

It  MarchiBon,  SUwian  Syetem,  pp.  39,  297.  Mr.  Higgt,  ComwaU  Qeologieal 
Trantaetione,  yiz, 

HPoetea. 
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surface,  are  not  disflipated  in  shallow  galleries,  is,  there- 
fore, called  the  Manto  de  Agua. 

Alternations  of  crystalline,  greyish-buflF,  with  homo- 
geneous, compact  passing  occasionally  into  slightly 
lamellar,*  dark-blue  limestone,  make  up  the  rest  of 
this  formation. 

(c.)  The  second  limestone  exhibits  similar  alternations 
of  buff  coloured  with  blue,  and  crystalline  with  compact 
rocks;  but  contains  neither  fragmentary  nor  metal- 
liferous beds* 

The  presence  of  silica  and  aluminaf  makes  hydraulic 
lime j:  common  to  both  formations. 

(d — 1.)  A  bed  of  siliceous  limestone  about  nine  feet 
in  thickness,  divides  the  second  homblendic  formation 
parallel  to  its  surface  into  nearly  equal  parts. 

(e.)  As  deep  as  eighteen  or  twenty  fethoms  the  third 
limestone  is  greyish  blue  and  semi-crystalline ;  there, 
however,  it  suddenly  assumes  and  thenceforward  main- 


•  **  The  Ttrions  kinds  of  stnioture  to  frequently  pam  into  eeeh  other  in  the 
*<  same  mass,  that  it  is  oftentimes  very  difficult  to  obsenre  where  the  one  begins 
«  and  the  other  ends.  When  the  rook  has  a  compact  texture,  but  more  par- 
«  tioularly  if  it  be  crystalline,  it  most  commonly  exhibits  a  massiTe  structure ; 
**  and  as  it  gradually  becomes  more  and  more  fine-grained  and  homogeneous,  it 
'<  generally  acquires  a  proportionate  degree  of  fissility/' 

D&.  BoABB,  Primairy  Qeohgyt  p*  104. 

t  "  La  roche  la  plus  commune  de  oet  ^tage  est  un  ealeaire  argileux  eontenant 
<*  enyiron  40  p.  100  de  r^sidu  inattaquable  par  les  aoides,  et  ne  renfermant  que 
«  quelques  traces  de  magn^e. 

M.  DoHXTXO,  Annakt  de$  Mine$  4me  S^ie,  xx.  p.  438* 

X  "  When  limestones  contdn  considerable  portions  of  silica  and  alumina,  they 
*<  form  what  has  been  termed  of  late  years  hfdrauUe  Ume,  and  the  mortals 
*<  made  with  them  are  called  hydraulic  mortars,  of  these,  Parker's  cement  *  *  * 
"  will  §ei,  as  it  is  termed,  or  become  solid  in  a  quarter  of  an  hour,  either  in  air 
«  or  under  water."— Penny  Cyelqptddia  (Article  Mobtjlb),  XT.p.  420. 
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tains  a  bluish-black  hue  and  homogeneous  structure. 
Its  joints,  meanwhile,  are  lined  with  amianthus. 

(1.)  About  four  fathoms  beneath  the  surface  of  this 
formation  the  Manto  de  Cachi,  a  bed  of  calcareous  spar 
no  more  than  three  inches  thick  adjoining  the  lodes 
and  scarcely  an  inch  elsewhere,  is  traced  throughout 
the  district 

The  limestone  strata  are  destitute  of  organic  remains 
at  CShanarcillo,  but  they  afford  them  in  the  neighbour- 
hood.* 

(b*d.)  The  three  strata  of  limestone,  alternate  with 
two  groups  composed  in  great  measure  of  felspar,  quartz, 
and  hornblende. 

In  both  these  much  white  felspar  often  imperfectly 
but  sometimes  regularly  crystallized,  and  dark  g^reen 
hornblende  in  small  groups  of  prismatic  crystals,  are 
scattered  through  a  basis  of  quartz  and  felspar ;  which, 
mostly  mixed  with  hornblende,  is  generally  green. 

(2.)  Acicular  crystals  of  hornblende  thinly  interlace 
subordinate  beds  of  quartz. 

(3.)  Greenstone,  perhaps  rather  finer  in  grain  below 
than  above,t  makes  up  the  remainder  of  both  groups. 

(jrains  of  iron  pyrites  are  found  at  intervals,  and 
particles  of  copper  pyrites  less  frequently :  calcareous 
spar,  either  as  an  ingredient  of  the  rock  or  in  small. 


•  **  Je  n'ai  paj  trouy^  de  dArUi  orguiiques  dant  totite  la  p«rti«  de  la  montagna 
**  qui  ranfenne  lea  fllona  m^talUAres,  quoiqn'on  en  trouTe,  oomme  je  Tiena  de 
"  dire,  autant  aur  le  chemin  de  I'eati  prda  de  MoUe,  que  va  le  chemin  du  nord- 
"  oneat,  aux  enTirona  d'lngenio." 

M.  Boicnxo,  AnnaUt  du  iftnaf ,  4me«  Seri<,  xz«  p.  485. 

t/Mi^p.437. 
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irregular  veins,  occurs  sparingly  throughout  the  series  ;* 
but  epidote,  similarly  dispersed,  appears  in  the  lower 
beds  only. 

The  presence  of  asbestus  in  minute  flakes  gives  some 
portions  a  foliated  character^t  whilst  in  both  groups 
others  are  massive ;  a  orystalline  structure  is,  however, 
common  to  all.  A  few  of  the  numerous  joints;}:  present 
mere  unctuous  faces ;  but  most  of  them  are  filled  with 
calcareous  spar,  mountain-cork,  mountain-leather,  or 
amianthus. 

No  intermixture  of  ingredients  takes  pla^.  no  veins 
extend  from  one  rock  into  the  other,  at  any  contact  of 
the  calcareous  and  homblendic  formations;  every 
change  of  series  is,  on  the  contrary,  sharply  defined 
and  immediate. 

At  Colorada  all  the  strata  are  alike  traversed  firom 
S.E*  to  N.W.  by  two  parallel  dykes,  about  four  or  five 
fathoms  apart,  dipping  N.E. ;  one  three  or  four,  the 
other  six  or  eight  feet  wide.  Their  chief  ingredients, — 
felspar  and  hornblende, —  are  often  porphyritic,  dis* 
integrated,  and  soft,  in  the  calcareous  series;  but, — 
mixed  with  quartz, — ^are  fine-grained  and  hard  when 
intersecting  homblendic  formations. 

(c.)  The  most  productive  veins  in  Ghanarcillo 


•  «  On  a  trouT^  cette  roche  compot^e  de 

"  Carbonate  de  chanx '076 

,9  de  magn^sie *034 

''  Fartie  attaquable  par  lea  aoidM    -816  tenant  *08  de  tiUee  aolnble  dana  la 

potaaee. 
'<  Fartie  inattaquable '572 

•998." 
M.  DoKBTKO,  AainaUM  det  Mhui,  4me.  S^rie,  ix.  p.  439. 
t  Ibid,  p.  440.  %  Jhid,  p.  437. 
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Dintlioit.  Dif. 

the  DaeuMdoralode IS' E.  ofN.&W.of  S.   ...    W. 

■■  OvaiuKalode    N.E.&S.W.   K.W. 

•■  Gwade  Detaibridora  branches  \8°  E.oTN.&W.  of  Q. ...     W. 

"   Waringhdt 88°  E.  of  N.  &  W.  of  S.  ...  N.W. 

-•  Colorada  lode   38°  E.  of  N.  &  W.  of  S.  ...  N.W. 

■•  CaimUrlodt   30°  W.  of  N.  &  E.  of  S.  ...  N.E. 

••  J)oloraPriiMra,orZoretolodeS8°E.  ofN.  &  W.  of  S.  ...  N.W. 

bninchea  (    S^"  N.  of  E.  &  S.  of  W.  ...  N.W. 

■•  Candelaria  hde 20'N.of  E.&S.of  W.  ...  W.ofN. 

■■  BoloMlode  20°  W.  of  N.  &E.  ofS.  ...     W. 

"  QviiudeCarvalhbntnclut....  ZO'S.odi.&W.oia.  ...     W. 

InDmnerable  small  branches  spread  from  all,  especial- 
ly from  the  Candelaria,  Colorado,  and  Descubridora, 
the  lai^est  and  richest  lodes  in  the  district  Some  of 
these  connect  neighbouring  veins ;  but  generally  they 
dwindle  and  disappear,  as  well  vertically  as  horizontally, 
within  very  short  distances. 

(1.)  The  directions  of  productive  lodes  are,  perhaps, 
more  diversified  in  this  than  in  any  other  mining 
district ;  for  they  yield  similar  ores,  whether  parallel 
or  transverse  to  the  (flucans)  veins  which  are  composed 
of  clay  only. 

(2.)  The  strata  slope  gently  (4°— 10°)  to  the  south- 
west, bat  the  lodes  incline  much  more  rapidly  (64° — 78°) 
towards  points  which — from  the  relations  between  dip 
and  direction — are  as  various  as  their  bearings;  yet, 
with  one  exception  only,  are  always  west  of  the 
meridian. 

The  passage  of  lodes  from  one  rock  to  another  h, 
when  uninfluenced  by  other  circumstances,  nowhere 
accompanied   by  remarkable  changes  of  dip;    save 


r 


y 
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between  the  Manio  de  Oasa  and  the  Hmeetone  imme- 
diately beneath.  There  however  the  lodes  do  not 
directly  enter  one  formation  on  leaving  the  other, — as 
elsewhere  they  do; — but,  conforming  awhile  to  the 
slope  (10° — 12°  south-west)  at  their  junction,  pass  for 
some  way  between  them.  Yet  this  coincidence  is  not 
of  the  same  extent  in  every  case ;  for  after  maintaining 
it, — the  Candelaria  (d.d'.  Fig.7.)  for  about  fourteen 
fothoms  and  a  half, — the  Colorada  (a.  a'.)  and  Waring 
(b.  h.)  for  nearly  eighteen  fathoms  and  a  half  each, — ■ 
and  other  lodet  (c.  e'.)  for  different  distances,  they  all 
at  length  resume  their  normal  inclinations  (64* — ^78*). 
Fig.  7.  (TrmntrttSviUim.) 


As  the  lower  sides  (foot-walls)  are  distended  and 
more  erect  when  lodes  improve  in  quality,*  they  thus 


*  "  It  iigMkcnJljobMmdlntliaTktUiioDiottliaDiidwUjor  dip,  tiutlhoM 
"  pftrU  of  lodei  ire  rtsluit  which  ue  neueat  to  papendienUr." 

Ms.  Thoku,  Rtpori  on  a  Atrtwy  nf  Ou  ifrnwy  iUtriet  Jram  CKaenBoUr  It 
Onlnfi(inu(lS19),  p.  20, 

"  It  ii  ■  remaikabLe  fwt  that  In  amj  lojt,  whether  It  jieldi  tin,  copper,  or 
"  Imd  oret,  the  poitioii*  whleh  txt  the  moit  perpmdicnbr  ue  almri  the  moit 
"  piodQBtlTe.    Thi*  peipandieiiluitf  inmiablr  tiiket  plue  by  in  sllsntioii  is 
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become  at  the  same  time  larger,  richer,  and  more 
highly  inclined. 

(3.)  Neither  the  dip  nor  the  size  of  their  poorer  parts 
seems  however  to  have  much,  if  any,  relation  to  the 
nature  of  the  rocks  they  adjoin. 

Although  considerable  portions  of  the  Colorada  and 
Waring' 8  lodes  maintain  their  characteristic  breadths ; 
this — ^the  general  fact  elsewhere* — is  an  exceptional  one 
in  Chanarcillo ;  where — on  the  contrary — differences  in 
width  are  great,  frequent^  anci  sometimes  sudden. 

The  lodes  are,  however,  largest  and  richest  where 
they  unite  with  minute  veins,  oblique  both  in  direction 
and  dip  (cruceros) ;  f  which — elsewhere  mere  joints — 
widen  only  as  they  approach  the  lodeSj  when  in  the 
thick-bedded  dark  blue  limestone.^; 

The  Candelaria  lode  {Fig.  8.  c.  c .)  is  seldom  more 
than  six  inches  wide  where  it  crosses  the  hornblendic 
dykes  (a.  a/  a.  a.')§  of  Colorada ;  but,  though  uniting 
with  no  other  vein,  it  enlarges  at  the  upper  side 
(kangingf'Wall)  to  twelve  or  fifteen  feet,  immediately 


'*  the  indinatioii  of  the  lower  or foai-waU  of  the  lode,  which  becomes  more  Tertical 
"  (beifying  ouij  ;  whilst  the  opposite,  or  hangmg-^wcM  may  continue  on  the  line 
"  of  ita  original  dip :  this  change  fireqnently  produces,  at  one  and  the  same  time, 
**  a  more  perpendicaUur  appearance,  and  an  enlargement  of  sise  in  the  lode" 

Cornwall  Geological  Traneactionif  ▼.  p.  231. 

*  **  Srery  lode  is  generally  characterised  by  apreyailing  siae,  which,  however, 
'^  may  now  and  then  fluctuate  greatly,  though,  for  the  most  part,  it  does  so  within 
"  moderate  limits." — Cornwall  Qeohgicai  Transaciione,  y.  p.  241. 

t  "  On  appeUe,  au  Chili,  eroieeur  (crucero)  tout  filon  secondarie  qui  s'unit  au 
**  filon  principal,  formant  arec  cellui-ci  un  angle  quelconque/' 

M.  DoMSTKO,  Annalee  dee  Minee,  4me.  S^rie,  ix.  p.  446. 

{  Antef  p.  14.  §  Ante,  p.  80. 
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on  entering  the  adjoining  limestone.  The  Colorada 
lode  (b.  h'.)  however  traverses  both  rocks  with  but  little 
change  of  size. 

Fig.  8.        Plcm. 


Scale  40  fathoms  to  the  inch, 
a.  a\  a,  a\  Dykea.         bl  b\  Colorada  lode,        e,  e\  Candelaria  lode. 

The  wider  parts  of  lodes  rarely  consist  of  veinstone 
only,  btit  enclose  also  blocks  of  the  adjoining  (country )9 
and  thus  assume  a  brecciated  structure.*  Their  widest 
portions  often  (take  Horse)  split ;  f  but  such  separate 
veins  are  seldom  rich.  On  passing  from  one  rock  to 
another  differing  from  it  merely  in  hardness,  the  lodes 
often  divide  also  into  branches;  which  in  the  softer 
beds  are  generally  less  inclined,  larger,  and  richer,  but 
in  the  harder  are  flatter,  smaller,  and  poorer  than  the 
hdes  are  when  entire.     (Table  III.) 

(4.)  Where  no  joint  separates  the  hdes  from  the 
rocks,  the  transition  between  them  is  so  gradual,  that 
the  changes  in  their  mineral  character  are  scarcely 
perceptible.^ 

•  Cornwall  Geological  TYtsfiMcftofu,  T.  pp.  210, 213,  229. 
t  Ibid,  pp.  213,  231. 
X  Dr.  Boase,  Primary  Ge^oyy,  p.  179.     Cornwall  Geol,  7Va»w.  ▼.  pp.  184, 186. 
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Where,  however,  the  hdes  differ  much  in  structure 
and  composition  from  the  rocks  adjoining  them,  they 
are  often  bounded  on  either  side  by  the  smooth  (walls) 
faces  of  joints,*  which — subject  to,  each  its  peculiar, 
flexures — ^are  approximately  parallel.  Sometimes  also 
the  lodes  are  divided  lengthwise  by  parallel  joints,! 
but  the  portions  in  which  they  abound  are  seldom  rich. 
And  when  the  rocks  are  of  lamellar  structure  certain 
lodes  which  traverse  them  occasionally  partake  it  also. j: 

Whilst  the  hdes  traverse  calcareous  strata  their  earthy 
ingredients  are  for  the  most  part  granular  limestone 
and  calcareous  spar ;  but  in  the  hornblendic  series  they 
are  principally  felspar,  quartz,  and  hornblende.  When 
however  magnesia,  alumina,  and  silica  occur,  as  some- 

•  Hr.  WilUun  Phillips,  DramaciioM  of  the  Geological  Society,  ii.  p.  126. 
Mr.  Came,  Cornwall  Oecdoffieal  T)ramactiont,  ii.  pp.  60, 21.  Dr.  Boase,  Ibid,  xy. 
p.  448 ;  Primarjf  Geology ,  p.  176.  Mr.  Hopkins,  Lond,  and  Edin,  PhiloaophiccU 
Magazine  and  Annate  (Third  series),  it.  p.  68 ;  ▼.  p.  130 ;  zx.  p.  869.  Edinburgh 
New  Philoeqphieal  Journal,  xxii.  (1836),  pp.  156,  159.  Cornwall  Geologieal 
Traneactione,  ▼.  p.  169. 

t  M.  Werner,  New  Theory  of  the  formation  of  Veina  (English  Translation),  pp. 
87, 107, 136, 214, 226.  M.  Daubuisson,  Dee  Mines  de  Freiberg,  i.  p.  63.  M.  Jars, 
Voyages  Mitalktrgiquee,  iii.  p.  93.  M.  De  Luc,  Geological  Travele,  in.  pp.  266, 
273.  M.  de  Humboldt,  Poliiieal  Eeeaye  on  New  Spain,  in.  p.  229.  M.  Foumet, 
Etudes  sur  les  ddpAts  M^talliferes,  p.  43.  Professor  Sedgwick,  Cambridge  Philo- 
eophieal  Traneactione,  i.  p.  108;  Address  to  the  Geological  Society,  18th 
Febmary,  1831,  Proceedings  of  the  Geological  Society,  i.  p.  283 ;  Philoeophical 
Mlagazine  and  Annate,  ix.  (1831),  p.  284  ;  Geological  Traneactione,  iii.  (m.8.) 
p.  483.  Dr.  Macculloch,  Syetem  of  Geology,  x.  p.  387.  Mr.  Westgarth  Forster, 
8eetian>  of  the  etratafrom  Croat  Fell,  to  Newcastle  t^ton  Tyne,  p.  191.  Mr.  Fox, 
lUjpori  of  the  Royal  ComwaU  Polytechnic  Society  (1836),  p.  93.  Professor 
Phinipe,  Treatiee  on  Geology  (reprinted  from  the  End.  Britan.),  p.  138.  Mr.  Burr, 
Mining  Bedew,  No.  X.  (1837),  p.  66.  Mr.  (afterwards  Sir  H.  T.)  i>e  la  Beche, 
Beport  on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset,  p.  339.  Cornwall 
Geohgical  Traneactione,  ▼.  pp.  179,  182,  232.  M.  Domeyko,  Annalee  dee  Minee, 
3me.  S^rie,  xyni.  p.  3.  Mr.  Whitney,  Metallic  Wealth  of  the  United  Statee 
(Philadelphia,  1864),  pp.  62,  63. 

X  Mr.  Pryce,  Mineralogia  Comubiensis,  p.  96.     Cornwall  Geological  JYans., 
T.pp.  181,  232. 
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times^they  do,  amongst  the  calcareous  rocks,  the  lodes 
afford  pearl-spar,  amianthus,  felspar,  and  quartz,  in 
addition  to  their  ordinary  constituents ;  in  like  manner 
whenever  lime  forms  either  part  of  the  rock  or  beds 
and  veins  in  the  hornblendic  series^  the  lodes  contain 
calcareous  matter  also.  Thus  to  some  extent  all  lodes 
partake  in  turn  the  nature  of  every  rock  they  traverse.* 
These  changes  are  much  more  conspicuous  in  the  cal- 
careous and  hornblendic  strata  of  Chanarcillo,  than 
they  are  amongst  granite  and  its  congeners,  in  which 
similar  ingredientsf  are  so  differently  aggregated. 

The  contrast  between  such  parts  of  the  same  lodes 
as  traverse  different  rocks  is  much  more  manifest  in 
their  metallic  than  in  their  earthy  constituents;  for 
whilst  contained  in  the  hornblendic  series  they  afford 
traces  of  blende  and  small  quantities  of  iron  pyrites 
only, J  but  when  bounded  by  calcareous  strata  they 
yield  silver  and  most  of  its  ores  in  almost  unexampled 
abundance.^ 

The  lodes  are  however  by  no  means  alike  rich  in 
every  part    of  the  three  limestone  formations  ;||  but 

*  Anie,  p.  23,  Note,f 

t  Bey.  J.  J.  CoDjbeare,  Annal$ofPhiloscpky,  vi.  (v.8, 1828),  p.  89.  Dr.  Boue» 
C^mfoaU  Geological  Trantactions,  vr.  p.  301.  De  la  Beche,  Geoloffical  Manual 
(8rd.  edition),  pp.  440-443, 449-464.  Reaearehe$in  Theoretical  Geology, T^p,  295- 
800.  Dr.  Boase,  Primary  Geology,  pp.  131,  205.  M.  Delesse,  BuUcHn  de  la 
Sociiti  Giologique  de  France,  XT.  (2me  S^rie),  p.  782.  Quarterly  Journal  of  the 
Geohgioal  Society  of  London,  xti.  (Translations  and  Notices),  p.  11. 

X  M.  Domeyko,  Annalee  dee  Minee,  4me.  S^rie,  ix.  pp.  437,  439.  Colonel 
liloyd,  Report  to  the  Foreign  Office^  on  the  Minee  of  Copiap6  (1857),  pp.  7,  8. 

{  M.  Domeyko,  Annalee  dee  Minee,  4me.  Serie,  ix.  pp.  437,  488.  Colonel 
Lloyd,  Report  to  the  Foreign  Office,  on  the  Minee  of  Copiap6i  pp.  7,  8. 

II  *<  La  partie  la  plus  riche  du  filon  (el  hen^fUsio)  suit  de  preference  eertaine 
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contrariwise,  when  the  rock  is  white,  pale  blue,  or  buff 
coloured,  crystalline,  and  thin-bedded,  they  are  little, 
if  at  all,  more  productive  than  they  are  in  the  horn- 
blendic  series.*  This  is  strikingly  exemplified  at 
Colarada  ;  where  the  principal  forfef  is  unproductive 
throughout  the  second  hornblendic  formation ;  except 
in  a  thin  interlying  floor  of  limestone ;  in  that,  however, 
it  yields  both  vitreous  silver-ore,  and    native  silver. 

But  notwithstanding  the  bounding-planes  of  each 
formation  by  preserving  the  same  level  on  either  side 
of  every  lode  afibrd  proof  that  any  motion,  whether 
vertical  or  oblique,  which  may  have  taken  place  on 
one  side  of  any  lode^  has  extended  in  like  manner  to 
the  other ; — portions  of  the  first  limestone,  which,  at 
twenty-five  fathoms  deep  form  opposite  sides  (walls) 
of  the  Candelaria  lode^  differ  widely  in  appearance.^ 

Many  white  and  pale  grey  beds  alternate  in  the 
south-eastern  or  lower  side  Cfoot'Wall)^  but  a  dark- 
grey,  homogeneous  thick -bedded  limestone  only  occurs 
in  the  (hanging-wall)  north- west ern.§  The  former  is 
straight  and  smooth,  the  latter  crooked  and  rough.  On 
both  sides  the  two  hornblendic  dykes ||  preserve  their 


"  ecmdiet  privU^^es,  ct  que  ce  sont  cet  couches  qui  rendent  le  filon  m^tallif^re 
*^  {mm  Um  maniot  que  haeen  pintar  la  veta).** 

M.  noMBTXO,  Annahtdea  Mines,  4me.  S^rie,  n.  p.  446. 

*  "  Tbe  cleaTige-planes  of  the  schistose  slates  are  almost  inTariably  curved  and 
**  eontorted  whenever  the  rock  is  quartzose,  and  in  such  cases  it  is  usually  very 
"  fissile,  and  the  laminae  are  highly  inclined :  either  of  these  conditions  is  accounted 
•«  insospieiotis." — Cornwall  Geological  Tranaadiont^  y.  p.  225. 

t  The  C<aorada  lode.     Table  IIL 

X  IHd,  pp.  195-204.  {  Table  III.  i|  Ante^  pp.  80,  83. 
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ordinary  parallelism  in  direction  and  dip.  In  them 
the  lode  is  about  three  feet  and  a  half  wide;  and, 
partaking  their  nature^  consists  for  the  most  part  of 
disintegrated  felspar  and  hornblende.  On  entering 
the  limestone,  however,  the  irregularities  of  its  north- 
western side  (hanging-wall)  distend  it  to  twelve  or 
fifteen  feet  in  width  on  either  side  of  both  dykes  (Table 
III.^  Fig.  8 ;  *  and  then  its  chief  ingredients  are  cal- 
careous spar,  earthy  yellowish  brown  iron-ore,  vitreous 
and  red  silver-ore,  and  native  silver.  In  such  parts 
also  the  chloride  and  chloro-bromide  of  silver  often 
encrust  the  joints. 

In  great  part  of  the  calcareous  series  (a.  c.  e.lf)  dark 
grey  and  deep  blue  tintsprevail,  which,  more  pronounced 
amongst  the  deeper  than  in  the  shallower  beds,  pass 
occasionally  into  bluish  black  in  the  third  limestone  at 
Colarada  and  San  Francisco  nuevo.  These  portions 
though  sometimes  granular,  and  often  crystalline,  are 
mostly  massive  in  texture;  and  they  afford  every 
variety  of  lamellar  structure.  Isolated  lumps  and  small 
irregular  veins  of  calcareous-spar,  are,  at  intervals, 
enclosed  in  the  dark  rocks.  Hitherto  the  lodes  have 
been  rich  whilst  traversing  the  thick-bedded,  homo- 
geneous, deeply-tinted  limestones  only;  but  even  in 
portions  of  these,  some  parts  of  them  are  barren. 

Often,  indeed,  the  other  earthy  ingredients  are  so 
much  alike  in  both  that  it  is  difficult  to  distinguish  the 
lode  from  the   rock  (country)  at  their  contact;  but 

•  AnUf  p.  83.  t  ^i^t  PP*  70-73. 
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as  ealcareous-spar  sometimes  forms  continuous  veins 
(leaders^)  in  the  lodes  and  their  branches ;  it  is  there- 
fore rather  more  abundant  in  them  than  in  the  dark- 
coloured  limestone  they  traverse. 

Such  parts  contain  many  drusy  cavities,  ^hich  are 
encrusted  with  calcareous-spar,  pearl*spar,  and  quartz ; 
but,  though,  spangled  with  rare  crystals  of  silver  and 
its  ores,  they  are  seldom  rich.f 

Many  small  hollows  opening  one  into  another, 
between  blocks  of  limestone  and  ribs  of  calcareous-spar, 
form  an  irregular  cavern, j;  perhaps  twenty  fathoms 
long,  twelve  fathoms  high,  and  from  three  to  fifteen 
feet  wide,  in  the  Candelaria  lode^  about  half-way  down 
the  first  limestone,  at  Color ada.^ 

Large  though  isolated  portions  of  the  compact 
calcareo-ferruginous  matrix  are  impregnated  with 
native  silver  in  masses^  veins,  and  ramifications,  of 

•  Mr.  WiUiun  Phillipg,  Geological  Tratuaetions  (0.8.),  ix.  p.  138.  Comwatt 
Qoohgietd  Dramaetums,  T,  p.  208. 

t  "  Bare  and  curious  crystalline  minerals  *  *  *  are  seldom  found  in  connection 
**  witli  large  quantities  of  ore,  although  the  lodoa  which  afford  them  may  be  pro- 
*'  dwtdft  in  other  parts."— Cbmicwi?  Oeologioal  JVaniociuma,  Y.  p.  206. 

X  "  At  Doieoath  a  vugh  '  from  eighteen  to  twenty  fathoms  in  length,  three 

"  fathoms  high,  and  from  four  to  nine  feet  wide  '  occurred  in  the  Mam  lode, 

**  Instead  of  a  single  large  oaTem,  it,  howeyer,  oonsisted  of  an  infinity  of  small 

"  ones,  opening  into  each  other ;  or  perhaps  it  may  be  more  correctly  described 

\        *'  as  a  part  of  the  lode  filled  with  yesioular  carbonate  of  iron.    At  the  ConeoUdaUd 

**  Mime,  between  the  110  and  120  fathoms  lerels,  on  Taylor* e  lode,  a  little  west 

*'  of  Taylor's  shaft,  a  very  extensiye  '  vough,*  or  cayity  was  discovered ;  the  sise 

*'  was  much  greater  than  is  commonly  obseryed,  being  nearly  forty  fathoms  in 

**  length,  and  from  one  to  two  fathoms  high ;  the  direction  was  nearly  horisontal, 

"  the  lode  both  aboye  and  below  producing  good  ore."    Cornwall  Oeologieal 

Thmtadume,  ▼.  p.  209,  Note,    See  also  Mr.  Rule,  Cornwall  Geological  TVkhw- 

ie^tibfw,  z.  p.  225.   Mr.  Burr,  Iftntii^  lisoisto,  No.  VII.  ( July,  1836),  p.  48.    Mr. 

(i/lerwarde  8ii  Henry  Thomas)  Be  la  Beehe,  Bepori  on  the  Geologg  of  Cornwall, 

Devon,  and  Samereet,  p,  824. 

'  }  TabUrit 
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every  imaginable  shape  and  size; — with  the  chloride 
of  silver  in  like  manner,  but  in  less  abundance ; — ^and 
with  vitreous  and  red  silver-ore  in  the  same  way,  though 
in  still  smaller  proportions.*  Whilst  the  lodes  traverse 
certain  strata  their  joints  and  crevices  are  often  encrusted 
and  filled  with  the  chloride  of  silver  and  native  silver ; — 
less  frequently  with  vitreous  and  red  silver-ore  and  the 
chloro-bromide  of  silver ; — and,  yet  more  rarely,  with 
the  bromide,  and  the  iodide  of  silver.  Occasionally 
also  the  same  minerals  interlaminate  the  rockf  for 
short  distances  on  either  side  of  the  lodes. 

Portions  of  all  the  lodes  have  been  enormously  rich. 

At  about  one  hundred  fathoms  deep  in  the  first  lime- 
stone (a.)  great  part  of  the  Candelaria  lode,  for  a  length 
of  thirty-five  fathoms,  afforded  so  much  native  silver  and 
chloride  of  silver,  mixed  with  chloro-bromic,  vitreous,  - 
and  red  silver-ore,  that  it  averaged  sixty,  and  some 
portions  of  it  yielded  nine  hundred,  (Troy)  lbs.  of  silver 
per  ton. 

The  Colorada  lode,  whilst  traversing  the  second 
limestone  (c.)  at  one  hundred  and  thirty  five  fathoms 
deep  in  Colorada  and  Desempeno,  contains  great 
quantities  of  comparatively  inferior  ore;  so  largely 
mixed,  however,  in  some  parts  with  native  silver,  the 
chloride,  chloro-bromide,  bromide,  and  iodide  of  silver, 

*  M.  Domeyko,  Annalea  det  3itne9,  4me.  S^rie,  iz.  pp.  438-439.    Colonel 
Lloyd,  Rqfort  to  ihs  Foreign  Office ,  on  the  Mines  of  CcpiapS,  p.  13. 

I  «  On  Tojait  do  tout  petiu  feuilleti  dee  chloro-bromuret  diss^min^t  diat  le 
**  roche  encaissante." — M.  Dombtxo,  Annalea  dee  Minee^  4me.  S^rie,  zz.  p.  445. 

t  Table  I  JL 
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and  with  vitreous  and  red  silver-ore,  that  sixteen 
handred  tons  selected  from  it  gave  sixty  four  thousand 
lbs.  of  silver ;  *  of  which  one-eighth  part  was  obtained 
by  two  miners  in  a  month. 

From  this  rich  part  of  the  Colorada  lode  several 
(branches)  veins  strike  obliquely  southward  to  Waring* s 
lode  ;  which,  when  alone,  was  barely  an  inch,  but  after 
their  union  with  it  was  six  inches  wide.  For  five 
fothoms  in  length,  and  nine  feet  in  height  the  lode 
maintained  the  same  size,  but  it  then  entered  a  bed  of 
white  limestone  and  dwindled  to  its  former  dimensions. 
When  small  its  only  ingredient  was  calcareous  spar ; 
but  during  its  enlargement  this  was  mixed  with  the 
chloride  of  silver  and  vitreous  silver-ore,  and  great  part 
of  it  was  so  thickly  intertwined  with  (har-silver)  native- 
silver  ;  that, — too  tough  for  extraction  with  the  ordinary 
mining  tools,  and  too  porous  to  be  blasted  with  gun- 
powder,— ^it  was  cut  out  bit  by  bit  with  chisels.t 

•  TiMe  IIL,  PI.  IL  a 
t  TaNe  IIL 

The  bescttiog  Tice  of  Spanish  America  ia  so  reeUeatly  punned  In  Chanareillo, 
that  on  a  pay-day  groups  of  ill-clad  natiye  miners  may  be  often  seen  playing  at 
fiieh  amd  iota  with  silyer  dollars.  When,  also,  the  jofait  earnings  of  comrades, 
amounting  to  (a  donbloon)  an  ounce  of  gold,  are  paid  in  a  single  coin,  they  some- 
times setUe  by  a  to99  whieh  of  them  shall  pocket  the  whole.  Many  wonld  there- 
fore starre  were  they  not  fed  by  their  employers. 

Although  all  works  at  the  surface  and  all  entrances  to  the  mines  are  within 
high-waUed  court-yards;  the  mouth  of  erery  shaft  and  (UvelJ  gaUery  is  also 
closed  by  a  gate,  which  is  neyer  opened  unless  in  presence  of  an  OTerseer,  who 
may  be  summoned  by  a  bell  rung  on  occasion  from  within  the  mine. 

An  ore  brought  to  the  surface  is  at  once  taken  into  small  iron-fenced  plots, 
within  the  wsHs;  where,  oareftiUy  guarded,  it  is  fdmrnlj  prepared  for  reduction. 

NatiTo  workmen  nerer  leave  either  the  mine  or  the  fdreasinp'JIoonJ  ore-plots 
QBtil  both  their  elothes  and  their  persons  haye  been  strictly  examined.  I  can, 
howeTcr,  merely  allude  to  the  dangerous  and  disgusting  manner  in  which  tiiey 
often  nnsucoessAilly,  attempt  to  secrete  small  lumps  of  rich  ore. 

"  As  the  Mexican  mfaiers  are  almost  naked  and  are  searched  on  leating  the 
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At  a  depth  of  thirty-eight  fathoms  in  the  first  h'me- 
stone  (a.)  the  Colorada  and  Waring  lodes*  when 
nearly  parallel  and  about  five  fathoms  apart,  meet  and 
intersect  the  Counter  lodcy  at  horizontal  angles  of  68° — 
70\  but  do  not  (heave)  displace  it.  The  chloride  of 
silver  is  obtained,  in  small  though  rich  (bunches) 
masses,  from  Waring^s  lode ;  and,  mixed  with  native 
silver,  from  the  Colorada.  Similar  ores  have  been  so 
abundant  in  the  Counter  lode  that  more  than  three 
thousand  five  hundred  lbs.  of  silver  were  realized  from 
the  short  range  between  its  intersections. 

The  Colorada  and  Waring  lodes  unite  at  a  depth  of 
one  hundred  and  thirty  fathoms  in  the  second  limestone 
(c.) ;  and,  for  an  extent  of  about  fifty  fathoms,  yielded 
the  chloride,  chloro-bromide,  bromide,  and  iodide  of 
silver  in  small  proportions,  and  vitreous  and  red  silver- 
ore  mixed  with  native  silver  so  largely,  that  the  pro- 
prietors of  Desempeno  and  San  Francisquito  shared 
therefrom  the  proceeds  of  more  than  fifty-three  thousand 
lbs.  of  silver.f 

Descubridora  had  been  constantly  and  extensively 
wrought  for  five  and  twenty  years,  when,  on  preparing 
foundation  for  a  storehouse,  ill  the  first  limestone  a  few 


"  mine  in  the  most  indecent  manner,  they  conceal  small  morsels  of  natiTe  silver, 
"  or  red  sulphuretted  and  muriated  silver  in  their  hair,  under  their  armpits,  in 
''  their  mouths,  and  in  other  parts  of  their  persons.  *  *  *  It  is  a  most  shocking 
**  sight  to  see  *  *  *  hundreds  of  workmen  all  compelled  to  allow  themselves  to 
«  be  searched  on  leaving  the  pit  or  the  gallery.  A  register  is  kept  of  the  minerals 
*'  found  on  them ;  *  *  *  and  in  the  mine  of  Valenciana  at  Guanazuato  the  value 
''  of  these  stolen  ores  amounted  in  thirteen  years  to  £36,000  sterling.*' 

M.  DB  HuMHOLDT,  Political  Eatay  en  New  ^pam,  in.  p.  247* 

•  Ante,  p.  81.     TabU  III.  t  Tablet  III.  IV.    PL  II.  R. 
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feet  only  from  the  hde^  a  line  of  silver  and  silver-ore  was 
unexpectedly  laid  open.  This  was  the  upper  edge  of  a 
lenticular  mass ;  which,  about  eighteen  feet  long,  fifteen 
deep,  and  two  and  a  half  through  towards  the  centre, 
was  nowhere  thicker  than  a  crown-piece  at  its  circum- 
ference. It  afforded  native  silver,  mixed  and  invested 
with  the  chloride,  and  chloro-bromide  of  silver  in  such 
rocks,  that  some  of  them  like  those  obtained  from  the 
lode  in  1831,-2,* — were  temporarily  used  as  card- 
tables.f  Within  two  months  the  formation  was 
exhausted ;  meanwhile  more  than  forty  thousand  lbs. 
of  silver  were  extracted  from  it. 

But  (hunches)  masses  of  such  richness,  which 
occur  at  intervals  only,:|;  are  generally  surrounded  by 
much  larger  bodies  of  inferior  ore.  Of  this  there 
remain,  either  still  unbroken  in  the  lodes  or  rejected  at 
the  surface,  almost  incalculable  quantities,  which  might 
have  been  wrought  to  great  advantage  had  Chanarcillo 

*  Ante  J  p.  69.  f  Ante^  p.  76.    Note, 

X  *'  It  appears  that  at  the  formation  of  Teins  •  *  *  the  distribution  of  silver 
**  has  been  yery  unequal ;  sometimes  concentrated  in  one  point,  and  at  other 
**  times  disseminated  in  the  tfongue,  and  allied  with  other  metals.  Sometimes  in 
"  the  midst  of  the  poorest  minerals  we  find  a  very  considerable  body  of  native 
"  silver,  *  *  *  whieh  in  place  of  being  concealed  in  galens,  or  in  pyrites  in  a 
**  small  degree  argentiferous,  or  of  being  disuibuted  through  the  whole  mass  of 
'*  the  vein  over  a  great  extent,  is  collected  into  a  single  mass.  In  that  case  the 
**  riches  of  a  point  may  be  considered  as  the  principal  cause  of  the  poverty  of  the 
"  neighbouring  minerals.  *  *  *  In  Mexico,  as  well  as  in  Hungary,  large  masses 
*'  of  native  silver  and  vitreous  silver-ore,  appear  only  in  a  reniform  shape ;  the 
"  composed  rocks  exhibit  the  same  phenomena  as  the  masses  of  veins.  When 
"  we  examine  vrith  care  the  structure  of  granites,  syenites,  and  porphyries,  we 
*'  discover  the  effects  of  a  particular  attraction  in  the  crystals  of  mica,  amphibole, 
*'  and  MgptLX,  of  which  a  great  number  are  accumulated  in  one  point,  while  the 
"  neighbouring  parts  are  almost  entirely  destitute." 

M.  DE  HuMBOLPT,  Political  Entiy  on  New  S^in  (English  Translation)^  iiU 
p.  160. 
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been  but  sufficiently  watered ;  under  present  circum- 
stances, however,  the  richest  portions  of  it  only  are 
available. 

As  no  record  is  kept*  either  of  ore  from  the  mine,  or 
of  refuse  whilst  it  is  (dressed)  made  ready  for  reduction ; 
the  proportion  of  ore  in  the  mass  can  be  compared, 
neither  with  that  in  the  (dressed)  cleaned  portion,  nor 
with  its  produce. 

The  proprietor  of  reduction  works  near  Chanarcillo, 
derives  a  trifling  profit  when  a  ton  (avoirdupois)  of 
ore,  from  his  own  mine,  will  yield  twenty-three  (troy) 
ounces  of  silver;  but  he  can  buy  none,  of  that  produce, 
at  a  price  remunerative  to  the  miner. 

As  some  of  the  partners  in  Colorada  are  refiners  of 
silver,  they  choose,  as  the  Tinners  in  Cornwall  anciently 
chosef}  rather  to  divide  the  (dressed)  cleaned  ore,  than 
to  sell  it  amain  and  share  its  proceeds. 

The  following  extract  from  accounts  kept  at 
that  mine;];  may,  perhaps,  give  a  sufficient  idea  of  the 
general  produce. 

*  <'  At  Talenciana  "  in  Mexico  *'  they  linow  to  within  a  few  ponndi  the  quality 
*<  of  gonguB  "  {yein-ntoff)  '<  which  daily  goes  out  of  the  mine.  •  *  *  At  the  place 
*'  of  assemblage  in  the  great  pits  *  *  •  two  persons  (de^pachadoru)  are  seated 
**  at  a  table  ^th  a  book  before  them  containing  the  names  of  all  the  miners 
*'  (Unat0ro9j  employed  in  the  carriage.  Two  balances  are  suspended  before  them ; 
*'  and  two  assistants  judge  the  weight  of  each  carrier's  load.  If  tiie  earritf 
"  belieres  his  load  to  be  a  light  one  he  says  nothing ;  but,  on  the  other  hand  if 
*'  he  thinks  it  heavier  than  usual  he  demands  it  shall  be  weighed,  and  the  weight 
'*  thus  determined  is  placed  to  his  account." 

M.  DB  Humboldt,  PoUiieal  Etfoy  on  Ntw  i^wtn,  in.  p.  248. 

t  "  The  sandie  Tinne  «  «  •  after  often  cleansing,  they  call  black  Tynne,  which 
**  is  proportionably  diuided  to  euerie  of  the  adventurers." 

Cabbw,  Survey  of  Camwatt  (Edit.  1769),  p.  12. 

}  3650*5   grains ■■  one  Spanish  Hark ; 

101*44  lbs.  (ayoirdupois) -»  one        „       Quintal; 

64'      quintals ■■  one        „       Cqfon. 

Kelly,  UmttruU  CaMitt,  i.  p.  820,  822. 
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1856. 


January  . . . . 


Febraary  . . . 
March  ..... 

April 

May    

Jane     

July    

Angntt   . . . . 


September  . . 


October  .... 


Norember  . . 


December  . . 


Qnantitj  of  or*. 
lb«.  (kToird.) 


18,960 
67,212 

1,822 
28,684 

3,448 
40,170 
11,360 
29,214 

4,826 
37,784 
47,068 
10,648 
26,968 
22,722 
21,910 
13,796 
19,476 

3,8«2 
29,214 
34,084 
404 
22,618 
11,360 
10,762 
28,634 

4,462 
34,894 


lbs.  664,132 


Oi.  (troj)  of 

silTcrper  ton 

(kToir.)  of  ore. 


230 
266 
637 
382 
256 
892 
610 
266 
610 
382 
882 
460 
266 
306 
610 
380 
382 
266 
306 
204 
806 
610 
306 
266 
204 
1,020 
486 


Qnaatity  of 

lilTor 
01.  (troy). 


1,948 

6,612 

460 

892 

16,996 

2,666 

3,326 

984 
6,434 


2,956 
3,104 
4,968 
2,082 
3,320 
436 
8,990 
3,104 
66 
6,126 
1,660 
1,224 
2,1^ 
2,032 
7,664 


I 

1 

I 
t 


Monthly  pro- 

daoeofnlTer. 

OS,  (troj). 


8,920 

4,012 
16,388 

6,912 

7,418 

8,026 
2,166 

11,048 


9,778 


8,286 


4,916 


9,666 


02.96,456 


I 

Average  proportion  of  nlyer  in  the  ore  1*172  per  cent,  or  388  oi.  (troy.) 

per  ton  (aToirdnpois). 
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1856. 


January  . . . . 


February  . . . 


March     •  •  •  • 

April 

May    

June   

July    

August  . . . . 
September  . . 
October  .... 


November  . . 
December  . . 


QuintUy  of  ore. 
Ibt.   (aroird.) 


48,284 

6,492 
34,084 
80,836 

3,864 
28,402 
64,920 
42,604 
26,780 
21,504 
18,258 

1,964 
15,418 

3,246 
40,906 
12,172 

40,576 
17,040 
21,910 
7,100 
10,346 
50,314 


Oi.  (troy)  of 
■ilTor  per  ton 

(avoir.  )o'oi^- 


lbs.  556,012 


357 

3^26 
740 
265 

7,140 
765 
382 
306 
102 
127 
765 

3,825 
306 

1,275 
357 
255 

127 
255 
306 
460 
635 
280 


Quantity  of 

lUver. 
Of.  (troy). 


I 


7,696 
11,086 
11,260 

3,510 
12,284 

9,700 
11,070 

5,820 


Monthly  pro- 
dace  of  siWer. 
01.  (troy). 


•••••• 

1,940 
2,992 
1,458 


30,042 


25,494 


16,890 
1,218 


10,806 


3,953 
9,340 

2,300 
6,390 

2,932 
6,290 


OS.  115,656 


ATCiage  proportion  of  tiWer  in  the  ore  1-426  per  cent.,  or  466  oi.  (troy) 

per  ton  (avoirdupoii). 
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Although  these  columns  show  the  quantities  of  ore 
shared  by  the  proprietors  of  Colorada  in  1 855 — 6,  the 
produce  they  record  is  merely  that  of  the  native  silver, 
the  chloride,  chloro-bromide,  and  other  amalgamable 
compounds  of  silver  (metales  calidos)  it  contains.  To 
this  we  must  add  the  proceeds  of  smelting  the  vitreous, 
red,  and  other  rarer  ores  (metales  frios) ;  which — 
occurring  in  every  metalliferous  part  of  the  lodes^  but 
more  abundantly  in  some  calcareous  strata  than  in 
others, — yield  from  ninety  to  one  hundred  and  twenty 
(troy)  ounces  of  silver  per  (avoirdupois)  ton  of  ore ; 
or  from  0-275  to  0*367  per  cent. 

Taking  the  weight  of  (dressed)  cleaned  ore  at  unity, 
the  proportion  of  silver  extracted  from  it — 

by  amalgamation in  1855  was  0*01 172* 

1856    „   0-01426* 

,,.  C  „   0-00279* 

«"^^1^'°K i\\  0-00367* 

or  on  an  average 0-012964  to  0*0129661 

a  produce  much  smaller  than  that  of  earlier  years. 


•  «<  In  moat  Countries  the  precious  metals  and  their  ores  are  weighed  by  different 
*'  Standards;  but  to  facilitate  comparison,  it  has  been  thought  best  to  express 
»  decimally  the  proportion  of  the  one  in  an  unit  of  the  other  eyerywhere." 

t  "  The  quantity  of  silyer  extracted  from  the  minerals  by  means  of  mercury, 
**  is  in  the  proportion  of  3|  to  1  of  that  produced  by  smelting.  This  proportion 
**  is  taken  from  the  general  table  formed  by  the  proTincial  treasuries,  from  the 
**  different  districts  of  mines  in  New  Spain.  There  are  howeyer,  some  of  those 
'*  diitricts,  for  example  those  of  Sombrerette  and  Zimapan  in  which  the  produce 
'*  from  smelting  exceeds  that  of  amalgamation." 

H.  OB  Humboldt,  PoHtical  Essay  on  the  Kingdom  of  New  Sjpain,  in.  p.  260. 
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Nearly  one  half  the  produce  is  native  silver ; — about 
one-third  is  obtained  from  the  chloride  of  silver, — and 

(a.)  *'  The  most  abundant  silver-ore  in  Chili  if  the  chloride,  which  it  ueoeiAted 
"  with  the  bromide  of  eilyer  and  natiTO  metal.  Beaides  these,  ther«  are  a  great 
"  variety  of  sulpharets  and  arseniurets.  Their  yield  is  from  0*008  to  0*008 ;  the 
*<  richest  contain  0*02  of  silTer." 

WHmrsT,  MetoBie  Wealth  of  the  United  Stai&e,  p.l78. 

<*  The  prodttce  of  the  mines  of  Chili,  has  considerably  increased  of  late  years. 
*'  At  eight  leagues  distance  to  the  north-west  of  Mendosa  the  Cerro  d«  Uspailata 
**  contains  masses  so  rich  that  they  yield  from  0*13616  to  0-2  of  sUTer." 

M.  DB  Humboldt,  PoUtieal  Eeeay  on  New  Spain,  xxi.  p.  Z5S, 

(6.)  "  The  contents  of  the  minerals  of  Potoai "  in  Peru  «  haye  diminished  in 
'*  proportion  to  the  increase  in  the  depth  of  the  works. 

"  In  1645  a  produce  of  from  0*4  to  0*45  was  very  common ; 
**      „    1674  the  mean  contents  were  from  0*04  to  0*046,  and  minerals  which 

*'  yielded  0*26  were  considered  extremely  rich  ; 
**      M    1607  the  mean  contents  were  from  0*00626  to  0*000937. 
^  Since  the  commencement  of  the  eighteenth  century, — 

0-000303  to  0  000404. 

«  The  minerals  of  Potosi  are  consequently  extremely  poor,  and  it  is  on  aecount 
"  of  their  abundance  alone,  that  the  works  are  in  such  a  flourishing  state.  It  ii 
"  surprising  to  see  that  from  1674  to  1789,  the  mean  riches  of  the  minerals  have 
"  diminished  in  the  proportion  of  170  to  1,  whilst  the  quantity  of  silver  extracted 
"  from  the  mines  has  only  diminished  in  the  proportion  of  4  to  1."— idttf,  p.  373. 

*'  The  mean  wealth  of  the  minerals  *  *  *  in  the  munes  of  Pasco  in  Peru  is 
**  0*000717."— iWtf,  p.  166.     Note, 

**  The  mines  of  Cerro  de  Pasco  *  *  *  have  grown  sensibly  poorer  in  deeoending. 
«  •  «  •  The  tenor  of  the  ores,  which  at  the  surface  sometimes  amounted  to  03, 
<*  and  averaged  0*0016,  now  hardly  surpasses  0*0004." —  Wkitnbt,  Metattie 
«  Wealth  of  the  United  Statee  (Philadelphia,  1864),  p.  169. 

(c.)  **  In  New  Granada  the  depository  of  argentiferous  minerals  of  Santa  Anna 
"  near  ICariquita  forms  a  bed  in  the  gneiss  and  yields  on  an  average  0*00407  of 
«  silver."    li.  d>  Humboldt,  Political  Eeeay  on  New  Sjpam,  nx.  p.  887. 

(d.)  **  In  Mexico,  the  mine  of  Talenciana,  "  in  the  total  mass  of  minerals  pro- 

"  duced  during  the  year  1791,  afforded-^ 
«<  •OOOI  of  rich  minerals  (pohiUoe  and  Xabonee)  which  yielded  *111906  of  silver 
"•0028  „  {apoMUado)  „  -046886      „ 

"•0152  „  {hUmeol/amu))  „  *015630      „ 

"  -0215  of  poor  minerals  {granzae,  tierrae  ordinariae,  ftc.)  „    *001873      „ 

"  and  produced  on  an  average *006814      „ 

.**  In  the  district  of  Pachuca  the  produce  of  the  Biseaina  vein  is  divided  into 

*<  three  classes ;  of  which  the  richest  yielded  from  "  0*003000  to  0*003302  of  silver ; 

„         second    ,,        ,,         0*001260  ,,0*001687     >,        l 
„        poorest   „       about    0*000662  „ 
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the  remainder  from  vitreous  and  red  ore,  the  chloro- 

•<  In  the  district  of  Taseo 

the  minerals  of  Tehuilotepee  yield  about    0*001250  of  silrer ; 
those  of  Ouautla 0-002250  „    . 

'*  Inyestigatioiis  made  by  Don  Fausto  d'Elhuyar,  Director  General  of  the  Mines 
"  of  Mexico,  and  by  several  members  of  the  Superior  Council  of  Mines  show  the 

«•  mean  riches  of  the  silyer  mineral!  is  firom O'OOIS  to  0*0025 ; 

*'  and  Don  Jos^  Garces  y  Eguia,  who  directed  extenslTo  mining  operations  in 
**  sereral  districts,  says  (Nueva  Theoreiica  del  ben^io  fie  los  metdUe  (Mexico, 
'*  1S02),  pp.  121, 125),  that  <  the  mean  riches  of  Mexican  minerals  amounts  only 

"to 0-001375.' 

M.  DB  HuKBOLDT,  PoUticol  Esso^  o»  New  i^t'n,  in.  pp.  162,  163,  165,  166. 

(tf.)  "  The  silver  furnished  by  the  United  States  comes  almost  wholly  from  the 
**  natxTe  gold  of  California.  There  is  no  proper  silver  mine  within  our  territory, 
**  although  there  are  several  localities  where  a  small  amount  of  this  metal  is 
'*  obtained  in  connection  with  lead  ores. 

In  the  State  of  New  York  the  lead-ore  of  the  Coal  Hill  mine  a£ford9  traces  of  silver 
„    New  Hampshire  „  Eaton  „        „      0*001000     „ 

M  »  ,»  Shelbume      „        „      0*001500    „ 

Connecticut        •         „  Lane's  „        „      0*002000 

to  0*003500 
the  lead  of  ... .  Middletown    „        „      0*000637 

to  0*001911 
Pennsylvania  the  lead-ore  (galena)  of  Chester  „        „      0*000372  ) 

to  0-000506  )  *' 
,t  „  „     (phosphate  of  lead)  „    „        „      0*000020    „ 

„   North  Carolina  the  lead  of  Washington  mine,  in  1844,  afforded  0*007500 

„  1851,       „      0*008719 
of  auriferous  silver,  which  contained  on  an  average  23*2  per  cent,  of 
gold. 

Mr.  Whitney  describes  the  Upper  Mississippi  and  Missouri  lead  districts  very 
minutely ;  but  he  makes  no  mention  of  their  having  afforded  silver. 

Large  quantities  of  native  silver  encrust  the  rich  deposits  of  native  copper, 
which  are  extensively  wrought  in  many  places,  near  the  (Michigan)  southern 
shore  of  Lake  Superior ;  but  great  part  of  it  is  secreted  by  the  workmen. 

**  The  silver  rarely  form  lumps  of  more  than  a  few  ounces  in  weight,  although 
**  some  pieces  weighing  several  pounds,  and  nearly  pure,  have  been  obtained.  *  *  • 
"  The  amount  of  silver  obtained  from  the  Cliff  Mine  has  sometimes  been  quite 
*'  considerable  *  *  *  it  is  mostly  picked  by  hand  from  the  coarse  metal  taken  out 
*'  from  under  the  stamp-heads."  During  the  four  years  1848-51  the  proportion 
of  silver  was  0*0000135  the  weight  of  ore  etan^ted, 

y^JUTWEY,  Metallic  Wealth  of  the  United  States^  ipip,  180;  266-305;  381-421. 

Australia  supplies  Europe  vrith  large  quantities  of  the  sulphate  of  lead,  which 
yields,  on  an  average, 

0*350000  ito  weight  of  lead,  and 
0*001071  „  silver,  beside  a  little  gold. 

Mb.  J.  Abthue  Phillips,  Journal  of  the  Society  of  Arte,  27th  April,  1859. 
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bromide,  bromide,  iodide,  and  other  yet  rarer  com- 
binations of  the  same  metal. 

(/.)  "  The  silver-ore  of  Kongsberg  in  Norway  was  divided  into  four  parts 

<'  whereof  the  first    contained  about 0*66  its  weight  of  silver 

„     second „       from  0*11361  to  0-1 18154      „  „ 

„     third  (picked)         „      about 0*006816      „  „ 

The  fourth  (stamped  and  washed)  is  subdivided  into  three  parcels ; 

of  which  the  best  ....  contained  about 0*004544      „  m 

„  average..        ,,         from    0*00142    to  0*001704      „  „ 

„  poorest..        „  „      0*000284  „  0-000568      „  »,    •' 

M.  Jabs,  Voyages  Mitailurgiquea,  n.  p.  103. 
The  proportion  of  ore  in  each  parcel  is  not  mentioned. 

"  Those  portions  of  rock  which  adjoin  the  veins  and  partake  of  their  nature 
**  (faldbandj  contain,  occasionally,  small  quantities  of  native  silver  and  the 
*'  sulphuret  of  silver ;  but  seldom  exceeding  a  0*000071  part  of  the  mass,  they 
**  will  not  repay  the  cost  of  the  extraction." 

M.  Daubebb,  Annalet  dea  Minet,  4me  S^rie,  it.  p.  258. 
M.  Dv&oCHBB,  Armalea  det  Mines^  4me  S^rie,  xy.  p.  378. 

''  At  Sala  the  proportion  of  diver  obtained  is 

0*014800  the  weight  of  cleaned  (dresied)  galena,  or 
0017200  „  „  lead." 

.  M.  DxJBOCEBR,  Annates  da  3iine$,  4me  S^rie,  zt.  p.  345. 

'*  In  the  Banat  auriferous  pyrites  from  Tnklova  afforded 
0-004677  its  weight  of  sUver." 

M.  DB  Ceancoxjbtois,  Annalea  det  Minetf  4me  S4rie,  z.  p.  583. 

(g,)  **  Near  Chemnitz  in  Hungary  one  part  of  the  S^nUUerffong  yields 

0*000040  its  weight  of  silver,  and 

0*000005  „  gold ; 

whilst  another  affords 

0*000045  its  weight  of  silver, 

00000058         „  gold,  and 

0*031970  „  lead. 

In  the  same  district  the  Tkir^  vein  gives 

0*000025  its  weight  of  silver, 

0*000005  „  gold,  and 

0004600  „  lead. 

The  BUbergang  furnishes 

0*000059  its  weight  of  silver,  and 

0*0000001  „  gold. 

The  Griknmrgang,  in  the  same  neighbourhood,  presents 

0*000078  its  weight  of  silver ; 
the  mean  produce  of  the  district  being 

0*0000484  the  quantity  of  crude  ore  extracted." 

MM.  RivoT  ft  DvcHANOT,  Annalea  dea  Mines,  5me  S^rie,  ill.  pp.  858*363. 

M.  Pachb,  Annalea  dea  Minea,  4me  S^rie,  z.  p.  595. 
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•  •      • 

But  all  these  ores  are  not  alike  plentffid;.  whilst  the 

_^ •  *•  «      ^^^^^^^ 

"  The  BilTer  ores  of  Nagybfinia  afford  .*  *  *  * 

0-000686  their  weight  of  silver,  and 

0000016  „  gold;  /.•-. 

those  of  Nensohl  '    . 

0-000916  their  weight  of  silver,  . 

O'OOOOIS         „  gold. 

The  lead  ore  of  the  same  districts  yields 
0*000117  ..their  weight  of  silver, 
0*0000016..  „  gold,  and 

0067  to  0086  „  lead." 

MM.  BivoT  &  J)vcBAXOY,Annaies  de»  Mme$,  6me  S^rie,  ixi.,  pp.  866-6. 
**  At  Pnibram,  in  Bohemia,  the  cleaned  (drened)  ore  yields  on  an  average 
0-376000  ita  weight  of  lead,  and 
0-002228  „  sUver." 

M.DB  Hbmicbzbi.,  Annate*  des  Mines,  4me  Serie,  i.  p.  40. 

(A.)  **  At  Clansthal,  in  the  Harts,  picked  and  sifted  ore  mixed  with  that  which 
**  had  been  stamped  and  washed,  in  proportion  of  about  seven  to  three,  affords 
0-001016  its  weight  of  silver,  and 
0*663  „  lead." 

M.  DE  Hbnnbsbl,  Annaiee  des  limes^  4me  Serie,  ly.  p.  839. 
M.  DB  BoNKA&D,  Annates  des  Mines,  tii.  p.  69. 

(».)  "  Throughout  the  district  of  Freiberg,  in  Saxony,  the  proportion  of  silver 
"  obtained  from  cleaned  (dressed)  silver  ore  was,  in 

1762 0-000994  its  weight.  —  1781 0*001136  its  weight. 

3 0-000994  „  2 0001280  „ 

4 0-000094  „  8 0*001172  „ 

6 0*001066  „  4 0*001349  „ 

6 0*000994  „  6 0001136  „ 

7 0*001662  „  6 0001186  „ 

8    0001207  „  7 0001207  „ 

9 0*001207  „  8  ^ 0*001207  „ 

1770 0-000639  „  9 0-008278 

1 0-001136  ,,  1790 0'001349 

2 0-001278  „  1 000X420  „ 

3 0-000994  „  2 0-001349  „ 

4 0000994  „  3 0-001349  „ 

6 0-000994  „'  4 0*001349  „ 

6 0000639  „  6 0001278  „ 

7 0*001136  „  6 0*001849  „ 

8 0*001326  „  7 0001491  „ 

9 0001041  „  8 0*001662  „ 

1780 0*001207        n  ^ 0-001638        „ 

1800 0-001846        „ 

"  During  these  thirty-nine  years,  therefore,  the  average  produce  of  silver  was 
"  0-001211  the  weight  of  the  (dressed)  ore  from  which  it  was  extracted. 


•       •      ' 
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•  *  •  • 

lodes  travef^'even  congenial  portions  of,  the  different 

•  •  • 

limes  tone- formations. 

-i-rr 

**  In;  iffl«plher  parts  of  the  Ersgebirge  the  silver  ores  are  so  much  richer;  that 

in  176o.'.'. they  averaged  0010508, 

,*/17?9 „  0004544, 

t^d  d&ring  the  interval  „  0008520." 

M.  Davbuisson,  Dea  Mines  de  Freiberg  en  Saxe  ( 1 802),  ii.  pp.  122-4. 
M.  DB  Humboldt,  PoUHcal  Eeeay  on  New  Spain  (1811),  m.  p.  167. 

(J.)  "  Mines  of  lead- ore,  rich  in  silver,  were  anciently  wrought  in  Sicily  and 
**  Calabria,  but  they  are  now  neglected." 

M.  Paillbttb,  Annalee  dee  Mines,  4me  S^rie,  ii.  p.  613. 

(A.)  ''  From  the  Sierra  Almagrera,  in  Spain,  cleaned  {dressed) 
fine-grained  ....  galena  from  the  Carmen  mine  yielded  0*7] 7906  of  lead  ft  0-010405  of  rilTer; 

radiated ,                        „                  „       0*6S0008        „  OHXXMOe  n  i 

black  arglllaceoiit     „                         „                   „       0*290608        „  0*009897  »  ; 

„                      „      firom  AffuUas                   ,,       0*887470         „  0-OOS407  »  ; 

large  grained ,     Pietad                    „       0*600000        „  OK)00007  ,>  i 

carbonate  of  lead  ......     „         „                         „       0*416006         „  0-001945  ,>  • 

**  Assays  of  ore  from  other  mines  in  the  same  district  produced 
firom  0*600000  to  0*78860,   and  averaged 0-710770  of  lead;  and 

"    0*000140  M   0000900,  „         0*000960  of  sUver : 

msMive  carbonate  of  lead  from  Cape  de  Oat  gave....  0*009880       „      .'* 

M.  Paillbttb,  Annales  des  Mines,  4me  S^rie,  ii.  pp.  306,  318. 

M.  Berthier's  analysis  a£forded 
from  0-980000  to  0*700000,  and  averaged  0*618388  of  lead; 
„    0^)01000  „  0-010800,  „  0-005010  „  lilver; 

showed  that  the  silver  mixed  with  lead-ore  in  this  district  is  a  sulphuret,  and 
proved  that  it  contained  no  gold.-— ilnna^M  des  Mines,  4me  S^rie,  m.  p.  823. 

M.  Sauvage's  assays  indicate  the  proportion  of  silver  to  have  been  0*004  the 
weight  of  crude  ore  from  the  mines  of  Almagrera. 

Annales  des  Mines,  4me  Serie,  rv.  p.  107. 
<*  During  the  first  six  months  of  1843,  first  class  ore  formed  about  40,  and 
**  second  quality  perhaps  60  per  cent,  of  the  mass ;  and 

the  proportion  of  lead  it  afibrded  was  from  ..  0-900000  to  0*990000; 
and  ff,  silver  „  nearlj  0*009900: 

but  in  tbe  conespondlng  part  of  1844  ihst  elast  ore  was  only  19  or  16  per  cent.,  and 

the  proportion  of  lead  declined  to 0-100000  or  0*110000; 

and  „  Bilver       „  0-001160  „  0-001960. 

Galena  obtained  from  slate  is  richer  in  silver  than  that  from  limestone  in  this 
district." 

M.  Pbbkollbt,  Annales  des  Mines,  4me  S^rie,  ix.  pp.  6o,  77 ;  x.  p.  256. 

Mr.  Mlchell,  Director  of  very  extensive  Reduction  Works  in  this  district, 
during  its  richest  period,  found  the 

average  proportion  of  lead  ••••  0*180000  tbe  weight  of  ore; 

andoffilyer   ..  0*009904         „  >i  ;  or 

0-019945  „  lead. 

Cornwall  Geol,  Trans,,  vi.  p.  314. 
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In  the  third  limestone  the  lodes^  beside  their  earthy 


At  Arra^amM,  near  Linares,  in  the  prorince  of  Jaen,  the  proportion  of  silver 
betweok  0*000184  and  0000214  the  weight  of  clwnt^  (drffd)  ore;   or 

0*000306  „  lead. 

At  Poto  uiiMsAo,  in  the  same  neighbourhood,  the  proportion  was 

aboat  0*000248  the  quantitj  of  cleaned  ore  ;  or 
0*000367  ,,  lead; 

and  this  is  nearly  an  average  throughout  the  district. 

Although  this  lead  is  smelted  in  Spain,  the  silver  it  contains  is,  for  the  most 
part,  extracted  either  in  England  or  in  France ;  a  small  quantitj  onlj  being 
separated  at  La  Carolina,  near  Linares. — From  the  MSS,  qf  Hbm&t  Thomas, 
Eeq.y  F.O.8.,  Dtrsctor  of  Works  ai  Pomo  Aneho, 

The  galena  of  Linares  yields  from  0*700000  to  0*720000  ita  weight  of  lead,  and 

„    0000280  „  0,000490  „  silver. 

M.  Lan,  Annalet  de»  MmM,  5me  S^rie,  xix.  pp.  626,  628. 

The  mines  of  this  district  are  mentioned  by  M.  le  Play,  AnruUe*  des  MinMt 
ftne  84rie,  t.  p.  184 ;  M.  Paillette,  AfmaXeM  de»  Aftnes,  4me  S^rie,  ii.  pp.  813, 
817;  Mr.  Whitney,  MetaUic  WeaUh  of  the  United  Sutes,  p.  379;  Professor 
Ansted,  Scenery^  Science,  and  Art,  p.  141,  Note. 

**  Argentiferous  galena  occurs  in  the  Barranco  de  Yal  de  Plata  between 
Moncayo  and  Saragossa."— M.  Lbitao,  Amnahe  dee  Minee,  6me  Serie,  i.  p.  109. 

(i.)  The  mine  of  Ckalanehee,  near  Bourg  d'Oisans  in  Dauphiny,  afforded 
silver  in  the  proportion  of  from  0*090888  to  0*181777  the  quantity  of  the  nickel, 
cobalt,  and  iron-ores  with  which,  beside  other  ingredients,  it  was  mixed* — M.  db 
Bounnoir,  Jeetmal  de  Ph^eigue  (1784),  xxiy.  p.  202.  M.  Schbbibbr,  Journal 
de  Pkyei^[ue,  zxiY.  pp.  380,  887.  M.  Hbrica&t  db  Thu&t,  Journal  dee  Minee 
(1806),  zx«  p.  46.  M.  Lbfbbtbb,  Noiieetur  lee  Mineraie  et  Ueinee  dee  Chalanehee 
^AOemoni  ei  du  Grand  Cht  (Paris,  1852),  pp.  4-10.  M.  Lort,  BuUeUn  de  la 
SoeOU  GMogigm  de  France,  2me  S^rie,  TU.  p.  641 ;  xv.  p.  13.   ^ 

Cleaned  (dreeeed)  lead-ore  from  Montjean,  near  YisiUe,  in  the  same  Province, 
protneed  0*480000  its  weight  of  lead,  and 
0-001164  „  sUver. 

M.  Hbrzoabt  db  Tkubt,  JoMmo/  dee  Minee,  xxi.  p.  267. 
The  argentiferous  galena  of  Peeey,  near  Mo^tiers,  in  the  Department  of  Mont 
Blanc,  yielded  in«- 

1803  ..  lead  ....  0*870000] 
„      ..  silver    ..  0-001000  f    ^        ,  ^      .    ,        •  ^^ 
1806  ..  lead  ....  0-640000  ^^ '^^^ *^' ^•"^ ^^^'^^'^  *'•• 
„      ..  silver     ..  0*001820  j 

Differently  constructed  furnaces  were  used  in  each  of  these  years ;  during 
which  equally  discrepant  results  were  obtained  from  ore  of  uniform  quality. — 
M.  Lblitbo,  Journal  dee  Minee,  xx.  pp.  442, 448.  M.  Sohbbibbb,  Journal  dee 
Mmee^  zxx.  p.  68.    M.  Bbbthibb,  Annalee  dee  Minee,  3me  3itl»,  ni.  p.  649. 
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ingredients,  contain  vitreous  and  red  silver-ore,  blende. 

The  proportion  of  silver  obtained  from  cleaned  (dretaedj  lead-ore  at  PontjfUxtud, 
in  the  Department  of  Puy  de  Ddme,  was — 

in  1846 0  001188  of  its  weight. 

„  1847  0-001068  „ 

„  1848  0001038 

„  1849  0001023 

MM.  Bitot  &  Zeppenfeld,  Anneties  dea  Minet^  4me  S^rie,  zviii.  pp.  254, 443. 
M.  GuBNYVSAVi  Annaies  da  Mines,  tii.  pp.  189, 192.  M.  Bbrthibr,  Antudes 
dea  Minea^  3me  S4rie,  ii.  p.  112.  M.  Foxtenbt,  Annalea  dea  Minea,  3me  S^rie, 
n.  p.  139.    Mr.  Whxtnbt,  Metallic  Wealth  of  the  United  States,  p.  380. 

The  produce  of  lead  ore  from  CamouUs,  near  Alais,  in  the  Department  of 

Card,  was  0' 34 33-56  its  weight  of  lead ; 

0*000718  „  silver. 

M.  Lan,  Annaies  des  Mines,  6me  S^rie,  ix.  p.  349.  M.  Bottlakosb,  Annalea 
des  Mines,  3me  S^rie,  TXi.  p.  679.  Professor  Aksted,  Scenery,  Science,  and 
Art,  p.  20. 

In  1823,  the  galena  of  la  Lozire  afforded  on  an  ayerage  0*001039  iu  weight  of 
silver .—M.  Marrot,  Annalea  dea  Minea,  xtui.  p.  489.  M.  IAn,  Annalea  dea 
Minea,  6me  S^rie,  Ti.  p.  401 ;  Til.  p.  1. 

Several  mines  in  the  Department  of  Aveyron  yield  argentiferous  galena. — 
M.  Blatibr,  Journal  dea  Minea,  xz.  pp.  201,  209,  210,  223,  276,  285,  287.  M. 
Botse,  Annalea  dea  Minea,  5me  S^rie,  ii.  pp.  496, 500,512. 


« 


I  lately  obtained  from  *  *  *  a  mixed  copper  and  lead  ore  f^om  Pichiguet, 

0*250000  its  weight  of  lead, 
0*180000  „  copper, 

0000827  „  silver,  and 

0000144  „  gold." 

«  Profbssor  Amstbd,  Scenery,  Science,  tmdArt,  p.  21. 

At  PouUaouen^  in  Finisterre,  the  cleaned  {dreaaedj  ore  yielded, — 

before  1807 0600000  its  weight  of  lead,  and 

0000470  ,1  silver: 

in  1846,  from  0000200  to  0000500  „  silver. 

At  Huelyoai,  in  the  same  Departmirtit,  the  proceeds  were, — 
in  1807i  from  galena,  0*550000  its  weight  of  lead,  and 

0*002400  „  silver : 

in  1846,        „  between  0  001000   ft  0*002000  its  weight  of  silver;  snd 

from  blende,       „        0*000200   „  0*000400  „  ,»    . 

In  1774,  Huelgoat  aflforded  an  earthy  black  ore,  from  which  M.  Duhamel 
extracted. . . , 0  009380  its  weight  of  silver. 

In  1807  no  silver  seems  to  have  been  obtained  at  Huel^foai  but  that  separated 
from  the  galena. 

Previously  to  1816,  however,  large  quantities  of  native  silver,  of  the  chloride 
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and  iron  pyrites,  sometimes  mixed  with  small  quan- 


and  ehloro-bromide  of  silver,  and  of  plumbiferous  sulphuret  of  silver,  had  been 

vroo^bt  from  the  surface  to  about  ninety-five  fathoms  in  depth. 

Tbe  plombSferouB  inlphuret  of  Bilver  yielded  at  tlniM  ai  mneh  ai  0*190000')  ^        ... 

0.0O8B00P*»!Jr«'»'>*^ 


>f 


ore. 


ttaeotherorae iometlmet  contained    „ 

but  the  graeral  prodnoe  was from  0*000500  to  0  OOaOOOJ 

JI.  Davbuibson,  Journal  des  Minet,  xx.  p.  352 ;  xxi.  pp.  83, 88.  M.  Pe&nollet, 
Anhoha  des  MineM,  4me  S^rit,  x.  pp.  383*453.  M&.  Whitnbt,  MeialUc 
WmUth  of  the  United  Statee,  p.  380. 

*'  A  brown  indurated  oxide  of  iron  which  formed  the  upper  part  of  a  metal- 
'*  liferons  bed  in  the  higher  grounds  of  Cronebane/'  in  Wicklow,  **  was  found  to 
*'  contain  minutely  disseminated  native  silver,  sometimes  in  extremely  slight 
"  filaments,  but  generally  in  particles  quite  imperceptible  to  the  eye  •  •  •  « 
"  It  contained  about  thirty  grains  of  gold  in  the  ounce,  equivalent  to  6^  per 
"  cent.,  and  hence  the  auriferous  silver  commonly  sold  for  half  a  gpiinea  an 
«  ounce." — Mb.  Wbatbb,  Qeologioal  TrantaeUom^  v.  p.  213. 

In  different  pi^ts  of  the  United  Kingdom  lead-ores  afford  silver  in  various 
proportions:  via.-^ 


Ibsxahd. 
Waterford    • . 

Wicklow  .... 

ISLB  OF  MAV. 


ScOTXtAJIl). 

Argyle 

Dumliriea  •  • . . 


Perth    

Kircudbright . 


EattShaOee 

Gwrtnadyne     ••.....••. 

Oanyard 

Ltigfanure  ^  Giendakm^h 


] 


1856. 
Proportion  of  Silver  In 


Lead-ore. 


Foxdale 


Laxey 

North  Laxey 
South  Manx 


0*000044 
0*000062 


0000414 
0*001028 

0*000816 


Stroniitm    «.. 

Caimemore     ........... 

Wanloch  Head  (aa  corrected 

inl857»).. 

Tyndntm    •....••••,.... 

East  Black  Craiff  

Kirkudbright 


0000042 
0000022 

0000149* 

0-000060 
0*000009 


Lead. 


0*000070 
0*000103 


0*000568 
0-001430 

0*000457 


0*0000430-000070 
0*000044  0*000070 

0000055  0-000106 


0000060 
0000030 

0  000205* 

0000084 
0000012 


1857. 
Proportion  of  BIlTer  In 


Lead-<»e. 


0*000414 
0-001028 
0000338 


0000044 


0*000137 
0*000044 
0*000010 


Lead. 


0000566 
0001489 
0000459 


0000060 


0*000191 
0  000067 
0*000014 


Mb.  Httnt,  Memoin  of  the  Geohpeal  Survey  of  Oreat  BHtew>.— Minbbal 
Statbtiob     1856,  pp.  39,  40;  1857.  pp.  42,  43. 

<*  All  the  lc«d  raised  in  SngUmd  and  Wales  contains  siiTer  in  variable  pro- 
**  portions.  •  •  •  Half  of  that  from  Flintshire  and  penbighshire  contains  from 
«'  4}  to  6}  OS.  (0*000137  to  0*000198),  and  the  other  half  9  or  10  os.  (0*000275 
"  to  0*OM3063  of  sUver  per  ton." 

Mm,  Fattmov,  Reporte  of  the  Britieh  AuoeiaHon^'^n,  (1836,  Notices.)  p.  50. 
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titles  of  native  silver  also ;   but  they  afford  scarcely  a 


Walbs. 


Flint. 


Denbigh  •••• 

Msnonetti 
Montgooitrj  • 


Cardigan  •  • .  • 


B^Xgraoe 

Bodditho}fddtm    

Bryt^fordHaU   

Btynttediffbd 

CafUm    

CaiMbme    

DetpL&vel 

Cktrreg    

Chratvenor  Leva     

HofyweULeva  • 

Henoard     ••... 

JfoM-y^M|/»    

MieheU   

MerUjfn  

MM    

Nant    

Hant^f-mawr 

Nant^y-ffog 

Orudd 

' x\m/"y"ifitojfii  •••••••••• 

Penrhyn^ddu 

Pmfr-hmblas 

PwOwhtai  ••• •••• 

8^iemhp$U    ••...••••.•• 

Takun   

__- ,  C  Maca-yr^^rwddu 

^™*y*^{CoetULlyi.... 

lyrbach  • • 

Tjfmami  •••«• 

We&tmmMtmr  • 

PlasNewydd 

Maei^y^9a/n    

Aherdovjf ••• 

Prme$if  Wa!$t    

Bfyn^Fedwen 

Cae  Conroy  •  •  • 

Cojflan    •• •••••• 

DyUf€    

Djtfiijnem   •••••• 

Lkmerekjfmawr 

Nant-y^mawr 

Nanijf ..••,•..••« 

Rkkoofth    

Ahmffneydd  ••••••.••• 

Broi^Hoyd   ••••• 

BwkhCotuoU    .i 

CeJhBnojfno 

Cwm  Bx'fi^  •••••••••••• 

Ci0mS06of».*. 

Z/nmfi  •••••••••••••• 


0000828 
0*000198  0000275 
0*000141  0*000196 
0-0000560*000076 
0*000043  0*000061 
00001360-000189 
0*0001110*000158 


0*0001800 
0*000141  0 


0*000109  0 
0*000124  0 


0000041 
0*000201 
0*00018410 


0*0001040 
0*0000480 
0000049  0 


0*0001860 
0*0000220 


00000950 

0*0001800 

0*000058 

0*000179 

0*000086 


0*000088 


1856. 
Proportkm  of  BQv«r  in 
L«ul*ore. 
0000024 

0000156I0000214 
0-000124  0000169 
0*000005  0  000007 
0*000040  0000057 
0*0085080*005198 
0000088  0*000122 
0*000140  0  000188 
0000208 


000186 

000196 

000158 
000171 


0*000057 

0*000292 

000184 


0*0002260*000806 


0*0000480-000078 


000151 
000078 
000067 


0*000437 
0*000065 
0*000298  0*000495 


t 


0-0001700*000246 
0*000134  0*000184 


0*000088  0*000122 
0*000181  0*000183 

0-0OO268  0-000845 
0*000100  0-000153 


0*000186  0-000191 

0*000103  0*000146 

0*000090  0*000119 

0*000086  0-000115 

0*0001130-000160 
0-000O46|0-O0O062 
0000041 
0*00020010 


000184 
000081 


10*000280  0*000876 
0*0000970*000112 


000129 

000178 

0*000080 

0*000266 

0*000140 


0*000060  0-000084 


0000570 
0*000090 


0-000504  0-000812 


1867. 
Proportion  of  SQvor  in 


00O02OO 


0*000058 
000275 

0-000276 


0  000101 


0000060  0*000069 
0-000179  0-000245 
0*000062  0*000086 
0-000138  0*000195 


0*000152 


mlfpriatad  la  orlfiBal 


0-000091 
0000040 
0*000101 


0*000127 


0000256  0 
0000398 
0*000069  0 
0*000888 
10*000775 
0*000590  0-000918 


0*000127 
0*000061 
0*000187 


0000171 


000307 
0*000570 

000097 
0*000566 
0*001010 
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trace  of  either  the  chloride  or  chloro-bromide  of  8ilver. 
Whilst  the  lodes  traverse  the  second  limestone  their 


Cardigan  feon- 
tmuedj  •  • . 


Caennarthen 


Doiwen 

Boffl&^rook  ... 
EattDarren.,^ 
Btffair  Mwyn   • 

Goginan    

LtMbume  Mines 
Uett-^'hen  . .  • 
Llwynmaleet  . 
New  Litbume  • 
Panimawr    • . . 

Penyeejfh 

Taiienn  ..... 
Thomtu  United 

Ty  Llwyd 

WeUh  Potoai  . 
Nant-y^Mwyn  . 
Vale  of  Towey  . 


1856. 
Proportloii  of  SaTsrln 
Lead-ore. 


0-000174  0000247 
0000321 0000459 
0  0000230000033 
0-0004450  000612 
0*0000360000052 
0000319!0000489 
0*0002840*000336 


0*000128 
0000774 


1857. 
Proportion  of  Silver  In 


Lead-ore. 


00012020001695 


0000130 


0000083 


Lead. 


0000193 


00003480*000505 


0-000117 


0-0004790000704 
0000016  0000022 


0000834 


0-000177 
0001084 


0*0001950  000306 
00002650000377 
0*000098!0000134 
0*0001750000245 


00002140  000338 
0-0001400000200 


0-000131 
0-000070 
0-000042 


0000490 


0000182 
0-000103 
0000064 


M 


Mr.  Huht,  MemoirB  of  the  GeologiaU  Survey  of  Great  Brttom,— Minxbal 
Statzbtics.     1866,  pp.  85-39 ;  1857,  pp.  38-42. 

'*IiOnqiie  lea  21  qointauz  contenoient  un  maro  d'argent  ou  seiilenient  6 
«•  oncea,"  (0000245  or  0000183)  "  on  pouvoit  affiner  le  plomb  avec  ayantoge." 
M.  Jabs,  Voyages  M^iaUuryigues  (1766),  n.  p.  554. 

••  ^ver  is  eonUined  in  the  ore  in  different  proportions,  Tarying  from  2  to  42 
ounces  in  the  father  of  21  cwts. "  (0000061  to  0-001285) ;  "  but  12  ounces  " 
(0-000367)  ««  may  be  considered  as  the  general  average.  If  7J  or  8  ounces" 
(0000230  or  0000245)  "  can  be  extracted  the  lead  is  worth  refining." 

Mb.  Wihch,  QeologietU  TVansactionSf  it.  p.  82. 

See  also  Mr.  Westgarth  Forster,  Sectian  of  the  Strata  from  Newoastle^wj^on- 
Tyne  to  Cross  FeU,  p.  399. 

''  In  Durham  and  Northumberland  •  *  •  many  lead  ores  contain  a  much 
"  larger  portion  of  ailver  than  the  average  of  ••  *  the  otes  of  Meiico  and 
"  Pern."— Bbb8,  CyOopesdia,  xxxil^Silybb, 

**  Of  22,000  tons  of  lead  yielded  in  the  district  of  Alston  Moor,  it  is  beUeved 
'•that  16,000  tons  contain  silver  at  the  rate  of  from  6  to  12  os.  per  ton" 
(0-000183  to  0000367),  '*  and  6,000,  from  3^  to  6  oz.  per  ton  "  (0000107  to 
0-000183),— *•  the  average  being  about  5  os.  "  (0000 153).  "4,700  tons  from 
"  Swaledale,  Wharfdale,  Fateley  Bridge,  &c.,  yield  on  an  average  only  2  os.  per 
*'  (on  "  (0*000061). 

Mb.  Pattzkbon,  Reports  of  the  British  Association,  tii.  (1836)  Notices,  p.  50. 
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productive  portions  a£Pord  vitreous  and  red  silver-ore. 


EllGLAin>. 

Durham  and 
Northnmber- 
land 


Cttmberland*. 


•••••• 


AUerffiU    ..... 
Fhlhtq^Seld   .. 
HaOifwea  .... 

LuneMead  .. .. 

BratUkm  Walls    ... 

GolMt 

Simuaroft     

Seitimff  Stofiet     ... 
Cqptam  dettffk    ... 

Heah^  Field    

Stmo  Crmg  

ChargiUHtod 

CrougiU  Head 

Qroiii/Md 

RoughtenaiU    

BlackSjfke   ....... 

Drijfgitt    ,,,. 

OaUygiUSyke 

EvdgiUBum   

BoljjkU 

NaUrat  North  Vein 
Low  Birehy  Bank   . 
NaUroM  Middh  Vein 
BriffolBym     ••... 
Benix^eid.     Boat  End, 

SunVeim 

DowpotSyke    ••••. 

Windy  Sirow    

Ookbeqpe 

South  CroeifeB    .., 
Middle  Tffne  Qreen 

Force  Craig 

Oreen  Banke    

Cafr9  Weet  of  Neni 

Calvert 

Doteg    ,. 

EaetCro9$feU 

AUen'e  Chugh     . . . 
Park  Grove  Sun 
ThomgiU,  Weet  End 

Lady  Vein    

DoukeBum,  Weet  End. 
Peat  Stack  Bill  ... 
ThomgiU,  East  End 
Teea  Side  Sf  Metal  Band . 
Patter  Syke  .. 
I  BodderupFeU 


0-000428 


0000164 


0000263 


0000182  0*000276 
0-000167  0000214 


0000140 
0*0001230 
0-0000070 
0*000183  0 


0*000347  0D00490 
0*000921 0 


0*0001420 
0*000161 0 
0*0001 670 
0*000174  0 


0*000166 


1866. 

ProporUon  of  Silver  in 
LemA-on, 

0000801 

0*0001460000204 

00002080*000291 


^•000184 
000184 
000177 
•000184 


001877 
001360 
000926 
^*000800 
000900 
000612 


0-0009420 

0*0006600 

0000287 

0000684  0 

0-0008880 

00008980-000612 

0-000368  0-000648 

0-0008660-000679 

0000321 0000400 

0*0003260-000469 

0000283  0*000444 

00003810*000437 

0'000292|0000433 

0-00028810*000428 
0*0002620-000410 
0-0002640000376 
00001060000163 
0-00016210*000214 


000240 
000246 
000246 
000246 


0*000181 0-000216 
0-000166  0000214 


0*000234 


00001460000213 
0-0001460*000214 
0-0001440*000214 
0*000122  0-000214 
0-00016lb-000214 


1867. 
Proportion  of  BIItot  Ib 


0000267  0-000434 

0*000196  0-000291 

0-00020810-000291 

0-000162 

0000160 

0-000143 


0000146 
0000131  0 
0-000181 0 
0000133  0 


0*0000660-000092 


0-000100 
0-000291 
0-000920 
0*00092810 


0-000630 
0*000681 
0000437 
0000898 
0-000388 
0-000369  0 
0*000348  0 
0*000309 


0000245 
0  000214 
0000214 


0-000188 
000184 
000184 
000184 


0000139 


0-001377 
001360 


0-000900 
0-000900 
0-000612 
0-000612 
0000643 
000618 
000489 
0000451 


0-000306  0-000427 
OHM)08060-00042S 


0-000267 
0-000189 
0000176 
000017610 

0-000167 
0000176 
0*000160 
0-0601620*000242 

ooooisok) 

0000160 
0*006158|0 
0*000157  0 
0-000168)0 
0-000161 


0000372 
0*000800 
0-000262 
000246 
0-000245 
0-000245 
0-000242 


000242 
0*000230 
000222 
000220 
000217 
0-0002U 


0-000160  0-000218 
0H)00144  0 


000211 

000209 

0*000204 


0000 11810-000209 
0-000143 
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in  like  proportioiis  to  those  beneath ;   native  ulrer  is. 


Cumberland 


WettmoreUnd 


Bla^    

WdlffiU  Crtmvein  .... 
Brownie^  HiU  .••••..• 
Dtmk§  ButHt  East  End*. 

Lee  Haute  Well 

Oreeneide ••••. 

ifefth  StaSnunofe    •••••• 

Brmmdlehaio tmd  Barrow, 


1856. 
Propoition  of  Bllf  er  In 


0000189 

0*000119 

0-000121 

0-000091 

0-0000820 

0-0009060 

0000867 

0-000222 


Nether  Heatrth 
BraihwaiU  •  •  • . 


00000820 
0*000061 10 
0-000118 


0-000276 
0-000184 
0-000182 
0-000122 
000117 
001626 
0-000606 
0-000306 


0-000131 
0*000180 

0-000087 


000122 

000087 

0-000168 


1867. 
PvQporClon  eX  SllTtr  la 


0-001078 

0-000367 
0-0002220 
0*000182  0 


0-000184 
0-000184 


0-000122 


0  000490 
000306 
000260 


0-000060  0000093 
0-00014110-000209 


Mb.  Hvht,  Memoire  of  the  Geological  Survey  of  Great  BHtom.^HiNBEAL 
8TATI8TI08.    1866,  pp.  31*84 ;  1867,  pp.  38-37. 

«  The  leadof  Deibysliire  and  Shropshire  yields  on  an  ayerage  from  1  os.  to 
«<  1|  OS.  onlj  of  tflyer  per  ton  *'  (0*000030  to  0*000046  its  weight). 
Kju  PAnivsoir,  Btporls  of  the  Britieh  Aeeoeiatum^  yu,  (1838)  Notices,  p.  61. 

Mr.  Hvnt  pertiealariMe  the  lead-ore  and  lead  obtained  from  Berbjshire,  Shrof» 
ihire,  and  Someraetditre,  bat  makes  ne  meation  ef  silrer  extracted  from  any  ef 
it^Meweeire  of  the  Geologieai  Survey  of  Great  JSHtom.— MiNiKAi.  Statibtzob, 
1866,  pp.  80,  81 ;  1867,  pp.  82^  83. 

•'BetwiKtthe  twelfOi  daieof  Angnst  and  the  last  of  October  in ''  (1M4)  «the 
**  23  yeare  of  this  king"  (the  first)  "  Edward's  reigne  there  was  tried  and  fined 
"  aal  Ml  MartJaatowe  in  Beuonshlre  by  timea  so  much  fined  silaer,  as  amounted 
'^  to  the  auome  ai  370  povnda  weight.  la  the  23  yeare  of  his  neigne  there  was 
'*  fined  at  the  place  alMwaaid  621  pounds  and  ten  shillings  weight  of  silver  by 
**  limes.  In  the  24  yeare  of  his  reigne,  there  were  taken  wp  837  miners,  within 
"  the  warpentake  of  the  Peake  in  Darbtriiire,  and  broni^ht  to  Benonshire,  to  work 
"  there  in  those  sikier  mines :  *  *  *  and  there  were  bronglU  thence  to  London 
**  dbc  same  yeare  ai  silaer  fined  and  east  in  wedges  700  foor  pounds,  thr6e  shU- 
"  lings,  and  one  penie  weight.  In  the  26  yeare  of  his  reigne,  there  were  ihree 
hundred  and  fourtie  miners  brought  again  out  of  the  Peake  into  Deuonshire, 
and  out  of  Wales  there  were  brought  also  26  miners,  which  were  all  occupied 
"  about  those  siluer  mines,  beside  others  in  the  selfe  countrie  of  Deuonshire,  and 
"  other  places."— -iroKfuAeiTs  Chronidea  (Edit.  1807),  ii.  p.  646. 

*'  SQrer  formerly  was  found  in  gaeat  plenty  in  the  parish  of  Combe-Martin 
*'  (3diner8  being  fetcbt  out  of  Derby-shire  for  the  digging  thereoi)  in  the  Bsign 
of  King  Edward  I."-:-Fi7ZjJs,  Worthiee  oj  England  (Edit.  18U),  i.  p.  270* 

«*  The  lead  mines  (Of  Cemhe 


(I 


<i 


u 


were  formerly  eelehratod  for  their  sHver." 
PoLWHBLB,  Hiitory  of  Devonshire,  I.  p.  801. 

'*  From  the  lead  mines  of  Beer  Alston  a  large  quantity  of  silver  has  been 
**  extracted*  The  produce  of  one  vein  ayeraged  about  70  ounces  "  (0-002142) 
<*  to  the  ton  of  lead.    Another  vein  *  •  •  produced  170  ounces  "  (0-006102) 
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series.    The  iodide  and  bromide  of  silver, — nowhere 


tons  ewt. 

qn.lbt. 

Forward  . 

86     1 

0     6 

1800. 

Aug.  5th. 

21  18 

1  15 

ft 

1  12 

0    0 

t 

6    4 

1     7 

Total  .. 

115  15 

3    0 

£     «.    d. 


Philip  George  &  Co. 
Bdwards  &  Harrey 
Ditto 


0006334 
0006334 
Litharge. 


50    0     0 
50    0     0 


£     s.    d. 
4382  17     6 


1095  19 
77  5 
93    6 


0 
6 
0 


£6649    8    0 


Frwn  the  MSS,  of  Alfbsd  JsmuN,  Esq.,  ike  Lord's  Agent, 
After  a  while  the  works  were  abandoned ;  but  they  were  resumed  xa  1825,  and 
the  S»7p0r  crou-courte,  again  wrought,  afforded  small  quantities  of  ailyer-ore  at 
a  greater  depth  {ComtpaU  OtoU  TVohj.,  y.  Tabie  XXXIV.J ;  tIz. — 

Data. 


1883. 


Feb. 
Aug. 


QnaDtity  of  ore. 
ewt.  qrt.  Ibf. 


Proportion  of 
fltlver. 


n 


4  2    0  0-012646 

7  10  0*001714 

4  2    0  0004162 

2  2    0  0006334 

0  2    0  0006946 


From  the  M8&  of  Edwabd  Miohbll,  Esq,  Ifoyor  of  Drwv. 

At  the  adjoining  minOi  **  Huel  Alfred,  in  1813,  some  native  silrer  was  found, 
*<  appearing  as  if  plated  on  the  copper  ore ;  but  in  so  small  a  quantity  as  not  to 
"  be  worthy  of  notice." — ^Cabkb,  Cornwall  Oeoh  TVortf .,  i.  p.  128. 

"Native  silver  is  accompanied  by  red,  grey,  and  black  silver  orOi  in  Huel 
"  Alfred.— William  Phillipb,  Mineralogy  (3rd  Edit.),  p.  285. 

'<  Huel  Alfred,  in  Phillack,  has  produced  native  silver  in  green  carbonate  of 
"  copper." — MiCHBLL,  Manual  of  Mineralogy  (Truro,  1825),  p.  20. 

*'  Huel  Ann,  in  Phillack,  furnished,  in  1814,  a  small  bunch  of  blackish  grey 
**  silver  ore  containing  a  great  deal  of  arsenic  and  spathose  iron,  and  accompanied 
"  by  native  silver,  at  the  sixty-five  fathoms  level,  in  an  east  and  weat  copper  lode. 
"  In  the  seventy-five  fathoms  level,  the  silver  ore  appeared  in  the  midst  of  the 
<«  copper  lode,  as  a  separate  lode,  from  two  to  five  inches  wide.  *  •  *  Some  fine 
"  specimens  of  fibrous  native  silver  were  found  in  this  level ;  but  these,  as  well 
"  as  the  ore,  proved  of  very  short  duration." 

Cabitb,  Comtoall  Geol.  Tram,,  i.  p.  124;  ii.  pp.  105, 120. 

"  Huel  Ann  has  produced  native  capillary  silver,  with  surprising  fineness  of  fibre, 
"  in  tin-white  and  grey  cobalt,  and  grey  silver  in  arsenical  pyrites." 

MiOHBLL,  Manual  of  Mineralogy f  p-  20. 

«  In  Dolcoath,  in  1810,  some  grey  silver  ore  intimately  united  with  cobalt  ore, 
**  together  with  a  little  native  silver,  were  found  in  the  sixty  fathoms  level  in  the 
«  copper  lode,  very  near  a  small  cross-course." — Mr.  Cabnb,  Cornwall  OtoU 
Trana,^  i.  p.  122.  Wic.  Phillips,  Mineralogy  (3rd  Edit.),  p.  288.  Micesll, 
Manual  of  Mineralogy,  p.  20. 

<<  In  the  Entral  South  hde,  at  Dolcoath,  much  native  silver,  as  well  as  vitreous 
**  and  red  silver  ore,  were  mixed  with  galena,  blende,  and  with  still  larger  quan- 
**  titles  of  iron  and  copper  pyrites,  quartz,  and  slaty  clay." 

Cornwall  Geol  IVafw.,  v.  p.  66,  Table,  L, 
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common — ^are  in  Chanarcillo  peculiar  to  this  formation. 


The  nlTer  ores  sold  from  this  purt  of  the  mine  were : — 


1833.  Koy.23rd. 


f> 


1834.  July 


ff 


•  •  • 

•  ■  •  • 


Ang.  2l8t 

1835.  Jan.  6th  .. 

»   •' 

n    •' 
12th.. 

1836.  Jan.  12th" 


NoT.28rd 


ft 

9$ 

ft 


(Quantity  ( 

>fOI!«.i 

90«wt.totlM  1 

too. 

tool  ewt 

>  qn. 

1  15 

1 

1     0 

3 

4    4 

0 

3    3 

0 

4  16 

0 

3    3 

0 

4  19 

0 

1  13 

0 

2  12 

2 

4    0 

1 

1  10 

3 

0  12 

2 

0    4 

1 

1  12 

3 

2    4 

2 

0  17 

0 

0  18 

0 

0  11 

0 

89  17 

2 

PVOpOVtlOB  of 

•ilTor. 

0*011995 
0-002478 
0-008476 
0-004039 
0-006273 
0-007650 
0-005202 
0-003978 
0-005875 
0*002846 
0*002968 
0-006384 
0049909 
0002111 
0001928 
0003764 
0000734 
0010220 


Prlot  of  oi« 
per  too. 

£    9.  d. 

99  10  6 

16  13  10 

69     1  5 

30  11  0 

49  18  1 
61  13  4 
40  9  6 
29  19  0 
46  9 
20  2 
20  19 

50  8 
430    3 

13    6  8 

11  18  1 

27  19  7 

19  6 

84    5  9 


Amouot. 

£    ff.  d, 

175    8  2 

17    6  4 

290    2  0 

96    4  6 


0 
5 
0 
0 

4 


239  10 

8 

194    5 

0 

200    7 

1 

49    8 

4 

121  18 

9 

80  14 

6 

32    4 

2 

31  10 

0 

91    8 

2 

21  16 

8 

26    9 

8 

23  15 

7 

1    6 

6 

46    7 

1 

£1740    3 

2 

bedde  trhich,  above  one  thonsand  three  hundred  Fonnda  were  realised  from 
ore  imdted  at  the  mine.  Eniral  South  lode  has  therefore  yielded  more  than 
three  tfaonaand  pounds  worth  of  ailTer.^From  the  M8S,  of  Captain  Ckablbs 
Thokab,  Mtmajfer  of  Dohoaih, 

"  The  noble  family  of  Banet,  the  proprietors  of  the  land,  presenre  as  an  heir- 
'*  bom  a  splendid  piece  of  plate  made  of  silyer  raised  at  Dolcoath;  which  was 
*'  presented  to  the  late  Lord  Be  DnnstanTille  by  the  adventurers  in  that  mine,  as 
**  a  testimony  of  their  gratitude  for  his  liberal  relinquishment  of  the  Lord's  dues, 
"  whenever  the  poverty  of  the  concern  rendered  an  increased  outlay  necessary." 

Cormxttt  Qtoh  TVotM.,  t.  p.  66,  Note* 

The  silver-ore  of  North  Doleoath^  an  adjoining  mine,  afforded,  during  1859-60, 
0-003011  iu  weight  of  metal. — MS8,  of  Captain  Joseph  Yivian,  Managtrof 
North  omd  SotOh  Soikear^  jfo. 

Mr.  Cane  states  that  at  Huel  Basset,  in  lUogsn,  a  small  cross-course  traversing 
the  lode,  afforded,  in  1813,  vitreous  silver-ore,  some  of  which  yielded  (0*018360 
its  weight)  six  hundred  ounces  of  silver  per  ton,  at  and  within  about  six  feet  on 
either  side  of  the  intersection  (CormoattOool.  Ihmt,,  i.  p.  124) ;  and  Mr  Wm. 
Phillips  observes  that  silver-ore  worth  three  thousand  Pounds  was  obtained  there. 
Mmerakgif  (third  Edition,  1823),  p.  236. 

Mr.  Martyn,  the  sole  survivor  of  those  who  at  this  time  and  long  afterwards 
were  agents  at  Wheal  Baeeet,  says  that  during  his  connexion  with  that  mine, 
sQter-ore  was  discovered  but  once,— that  the  quantity  was  very  trifling,— the 
quality  such  that  for  several  years  no  purchaser  could  be  found,— and  at  length 
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it  realised  only  a  small  sum.    He  adds  that  there  was  neither  record  nor  tradition 
of  any  similar  discovery  having  been  made  previously. 

The  late  John  WUHamsy  Eaq-f  of  Scorrier  House,  had  the  entire  direction  of 
Wheal  Battet  during  this  i>eriod.  His  account  books,  examined  in  aid  of  this 
enquiry,  fully  confirm  the  accuracy  of  Mr.  Martyn's  recollection  \  and  shovr  that 
the  silver^re  raised  in  1813  was  not  disposed  of  until  1827,  when  it  was  sold  for 
£16  :  12 :  4  only. 

Silver-ore  is  thinly  dispersed  through  siliceous  earthy  brown  iron-ore  {ffonan) 
in  the  shallower  parts  of  Treskerby  near  Bedruth*  In  1827  a  parcel  of  it  realized 
£15:14:4. 

At  the  same  time  a  smaller  quantity  of  similar  ore  was  sold  from  the  adjoining 
mine  of  North  Downs  for  £8:4:9. 

WiLLiAic  Williams,  Esu.*  of  TreguUow.     MS& 

The  ancient  mine  of  BaMhu,  in  Kea  (Datibb  Gilbebt,  Comtoall^  lu  p.  302), 
affords  enormous  masses  of  the  same  ore ;  which  have  been,  from  time  to  time, 
largely  wrought  for  the  scattered  particles  of  silver-ore  they  contain. 

"  Huel  Duchy  in  Calstock  *  •  *  one  of  the  principal  silver-mines  *  «  *  has 
**  already  produced  about  £4,000,  and  promises  to  be  yet  more  profitable." 

Ltbonb,  Comw€Ul,  ocx. 

"  Wheal  Duchy  in  Calstock  (discovered  in  searching  for  copper)  has  been 
"  worked  with  success.  The  whole  lode  is  from  6  to  12  inches  wide-^the  part 
**  containing  silver  from  1  to  4.  It  runs  E.  &  W.,  the  direction  of  other  similar 
<*  veins  in  the  neighbourhood.  Some  of  the  ores  contain  from  60  to  70  parts  in 
"  100"  (0*6  to  0*7)  "  of  pure  silver.  About  £5,000  worth  of  silver,  a  year  or 
*'  two  ago,  had  covered  the  expense  of  the  undertaking  in  its  early  stages." 

FoLWUSLB,  ComumU,  it.  (1816),  p.  134. 

**  Some  silver  works  are  still  kept  open  at  Calstock.  by  the  name  of  Wheal 
'*  Duchy f  from  which  the  cup  presented  to  the  Duke  of  Cornwall,  in  the  year 
"  1812,  by  Benjamin  Tucker,  Esq.,  was  extracted." 

C.  S.  GiLBBRT,  Cornwall,  i.  p.  219. 

"  At  Huel  Duchy,  near  Callington,  in  a  lode  inclining  to  the  north-east  and 
*'  south-west,  and  from  one  to  three  feet  wide,  in  which  the  adventurers  were 
'*  searching  for  copper,  detached  lumps  of  silver-ore,  and  small  bunches  of  native 
**  silver  were  found  at  the  adit.  In  the  ten  fathoms  level,  there  was  a  regular 
«  course  of  silver  ore,  accompanied  by  native  sHver,  for  nearly  three  fathoms 
**  in  length,  yielding  alcove  £200  worth  per  fathom.  This  was  its  richest  part. 
'*  In  the  twenty  fathoms  level,  some  native  silver,  and  bunches  of  silver  ore  were 
«  found,  but  the  lode  had  here  declined  in  value.  In  the  next  deeper  level  the 
**  silver  was  exhausted.  The  ore  consisted  chiefly  of  red  and  grey  silver  and  black 
«  oxyd  of  silver. — The  value  of  the  silver  produced  was  about  £3,000." 

Cabnb,  Cornwall  Geol,  Trani,^  i.  p.  122. 
MiCHBLL,  Manual  of  Mineralogy^  p.  21. 

After  this  the  mine  remained  many  years  unwrought ;  but  in  1833  it  vras  re- 
opened under  the  name  of  Wheal  Brothers.  Db  la  Bbohb,  Report^  p.  613. 
Cornwall  GeoL  Trane.,  y.  p.  140  •,  Table  XCIIL 
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which  deflects  them  from  their  ordinary  dip  in  the 

<'  Portioos  of  ftrgentiferous  earthy  brown  iron-ore  (ailver  goatan)  left  bj  the 
■<  fonner  adventurers  in  shallow  parts  of  the  mine,  were  now  extracted  and  sold 
"  for  between  £150  and  £200  per  ton. 

"  So  greatly  does  the  ore  differ  in  quality,  that  some  parcels  of  it  brought  no 
"more  than  £2,  and  other8,^-containing  0*059976  their  weight  of  silyer, — ^as 
"  nrach  as  £500  per  ton  in  the  market.'* — Captain  Knott,  MSS, 

**  At  the  30-fathom  level  masses  of  native  silver,  weighing  many  pounds  each, 
"  occurred  in  a  part  of  the  lode  which  was  worth  from  £500  to  £600  per  fathom. 
"  But  great  part  of  the  ore  when  brought  to  the  surface  contained  only  from 
*'  (eight  to  ten  ounoea)  0*000245  to  0*000306  its  weight ;  although  whenf  <lrwMef> 
"  prepared  for  sale  it  yielded  (sixty  ounces  per  ton  of  ore)  0*001836  its  weight 
"  of  silver." — FsacivAL  No&ton  Jobnbon,  Eso.,  F.B.S.,  F.G.S.,  &c.,  MSS. 

"  Wheal  SieUre,  opened  also  in  1833,  on  an  eastern  part  of  the  same  lode; 
'<  afforded  ore  which,  resembling  for  the  most  part  that  of  Wheal  Brothere,  con- 
"tained  from  0*00459  to  0*07344  iU  weight  of  silver.  Portions  of  it  were, 
"  however,  mixed  with  from  0*15  to  0*2  their  weight  of  lead.  Small  quantities 
"  of  the  silver-ore  were  sold  at  twenty  shillings  a  pound ;  and  some  parcels  found 
*'  a  market  at  firom  £400  to  £500  per  ton,  but  the  ordinary  price  was  between 
"  jC30  and  £50."— Captain  Knott,  an  Agent  of  the  Mine,  MSS, 

Wheal  Samt  Vmeent  yielded  great  quantities  and  many  varieties  of  silver-ore 
from  a  parallel  lode  south  of  that  wrought  at  the  same  time  in  the  neighbouring 
mine  of  Wheal  Duehg;  but,  no  longer  affording  profit,  it  was  closed  in  1824.  If 
locounts  of  the  produce  still  exist  they  are  inaccessible. 

In  1835  the  works,  then  named  the  East  Comtoall  Silver  Mitiee,  were  re-opened, 
^t,  after  an  unsaccessful  trial  of  about  two  years,  they  were  again  abandoned. 
Duing  that  period  they  yielded  the  undermentioned  ores : — 

Date.  Weight  of  ore.  Proportion  of 

Tool.  ewt.  qn.  Ibf.  tUver. 

1837.    Sept  0    17    1    0    0*002708 

0      6    3    0    0*009118 

0      4    0  14    0030263 


1      8    0  14 


Edwabd  Miohbll,  Esq.,  Magor  of  2V«ro,  MSS, 

"  The  same  mine  was  opened  a  third  time  in  1848,  under  the  name  of  Wheal 
"  Longford.  Silver-ore  becomes  less  and  lead-ore  more  abundant  as  the  mine  is 
"  deepened  (Pottea,  p.  119).  For  several  years  the  ore  afforded  from  0-001224  to 
"  0*060466  its  weight  of  silver,  and  its  price  ranged  between  £10  and  £550  per 
"ton.  In  June,  1855,  Tons  2:6:2:6  (sold  at  £509  per  ton)  realised 
"*  £1184  :  15  :  9."— Captain  Knott,  an  Agent  of  the  Mine,  MSS, 

"  Wheal  Mexico,  wrought  to  an  inconsiderable  depth  on  an  eastern  part  of  the 
"  same  lode,  during  1847-8, — afforded  the  chloride  of  silver  largely  mixed  with 
"  slaty  clay,  granular  quartz,  and  the  carbonate  of  iron.  Some  portions  of  the 
"  ore  contained  0*001224,  others  0*026316,  their  weight  of  silver.    The  prices 
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first  limestone,  contain  native  silver  largely  mixed 


ti 


generally  ranged  from  £5  to  £200  per  ton ;  but  sxnall  quantities,  free  from 
*'  impurity,  were  sold  at  £2  :  10  :  0  per  {AvoirdtgMit)  pound." 

Captain  Kmott,  Manager  of  the  Mine,  MSS. 

**  About  four  miles  to  the  south-east  of  Callington  is  a  silyer  mine  •  •  * 
"  situate  in  a  rock  of  killas  or  chlorite  slate.  The  rein  was  first  worked  for 
«  copper,  but  native  silver  and  lead-ore  were  discovered  in  it.  The  mine  is  called 
"  Huel  Jewel :  the  thickness  of  the  vein  rarely  exceeds  three  or  four  inches.  In 
"  many  of  the  cavities  were  found  a  considerable  quantity  of  capillary  native 
"  silver,  with  galena,  red  silver-ore,  and  sulphuret  of  silver.  The  ores  were  ex- 
"  ceedingly  rich,  and  promised  *  *  *  an  ample  recompense  to  the  adventurers." 

Rbbs,  Cyclopadia,  xzzu.  (Silvbb.) 

**  In  Willsworthy  mine,  on  the  border  of  Devon,  the  lode  is  about  twelve  inches 
**  wide,  bearing  N.N.B.  St  S.S.W.,  and  underlies  two  feet  and  a  half  per  fathom 
"  to  the  south.  In  the  ten  fiithoms  level,  a  vein  of  white  and  amethystine  quarts 
**  divided  the  lode ;  between  this  vein  of  quarts  and  the  lower^  or  northern  wall 
**  of  the  lode,  was  found  a  vein  of  rich  arsenical  cobalt  ore  combined  with  native 
"  capillary  silver,  in  a  ferrugfanous  matrix,  from  three  to  sis  inehee  wide.  The 
'*  space  between  the  vein  of  quarts  and  the  higher,  or  southern  wall  of  the  lode, 
*'  was  occupied  by  a  vein  of  rich  yeUow  copper  ore,  from  six  to  nine  inehee  wide. 
"  The  silver  continued  about  two  fkthoms  in  length.  The  copper  was  not  so 
"  soon  exhausted.  The  speoimens  of  native  silver  from  this  mine  have  eclipsed 
*'  all  that  have  ever  before  been  found  in  Cornwall,  both  in  siae  and  beauty*" 

Cabnb,  Cornwall  Oeol,  Trane,  i.  p.  12^ 

Phillips,  Mineralogy  (Third  edit ),  p.  285.  Micebll,  Manual  of  Mineralogy 
(Truro,  1825),  p.  21.  Qbxq  &  Lbttsom,  Manual  of  Mineralogy  (London, 
1858),  p.  240. 

Between  Marasion  and  Pensanee  Weet  Wheal  DarUngion  was  wrought,  in 
search  of  copper-ore,  to  nearly  forty  fathoms  from  the  surface  and  some  twenty- 
five  below  the  sea,  in  closely-jointed,  deep  blue,  homogeneous  clay-slate ;  on  a 
lode,  which,— bearing  10"-20*'  N.  of  E.  and  S.  of  W.,  and  composed  of  quarts, 
quartsose  slate,  and  iron  pyrites, — ^unexpectedly  yielded  large  masses  of  native 
silver,  mixed,  sometimes,  with  galena,  and,  less  frequently,  with  copper  pyrites. 

The  following  columns  afford  particulars  of  the  proceeds : — 

Weight  of  ore, 
80  cwt.  to  the  ton. 

loiiiewt.qis.UM. 


Date. 


1852. 
Nov.    9th 

1858." 
Jan.  31st 

Mar.  2^h 
May  10th 

n 

9* 
tt 
t$ 


0 
0 

1 

0 

3 
4 

1 
0 
3 
1 
1 
1 


14 
18 

4 
9 

1 

19 

18 

4 

9 

5 

18 

9 


0 
8 
0 
0 

1 

1 

8  20 

3  14 
1 
16 
17 
26 


0 
0 
0 
0 

0 
15 


Silver. 


Proportion  of 


2 
0 
8 
1 


Forward  .  21  13  0  25 


0*032100 
0*008048 
0001805 
0003825 

0004957 
0001224 
0002815 
0-060282 
0-007497 
0*003978 
0*003672 
0*002142 


0-322500 


0«630000 


• .  • . 


• .  •  • 


•  •  • 


Oopper. 


•  •! 


Price  of  ore 
per  ton. 

£  9.  d, 

256  5  0 

71  12  0 

9  5  0 

33  10  0 


Amoant 


29 
7 

38 
523 
51 
16 
25 


1 

12 

16 

15 

2 

0 

5 


15  10 


0 
6 
8 
0 
0 
0 
0 
0 


£ 
179 
67 
11 
16 


7 
2 
2 
t 


88  19 
37  17 
75  11 
127  13 
177  12 
20  2 
49  2 
22  16 


d, 
6 
6 
0 
6 

2 
7 

10 
2 
0 
3 
2 
9 
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with  the  chloride  and  chloro-bromide  of  silver;  and, 


1853. 

toiitewt.qn.lbt.| 

Forward. 

21   13 

0  26 

Jvlj  19th 

0     6 

2  22 

t9 

3     7 

0  16 

t> 

2  10 

2  20 

Aug.  18th 

0  11 

0  19 

9t 

1     2 

0  21 

ft 

3    4 

0  11 

9» 

9    2 

0    6 

» 

4    6 

1  24 

*9 

1  10 

2  21 

Sept.  28th 

0    8 

2  11 

t» 

2    8 

0  11 

99 

3  18 

8  12 

n 

7    9 

1  10 

»» 

3  18 

1     6 

Not.   9th 

0    9 

3    2 

99 

11  14 

3    0 

99 

10    6 

3    0 

r> 

7    6 

3  22 

tl 

2    0 

2    0 

Dee.  20th 

2    0 

0    0 

» 

6    0 

0    0 

9# 

10    0 

0    0 

t9 

16    0 

0    0 

t» 

6    0 

0    0 

>» 

2  10 

0    0 

1864. 

Fcb.22n« 

2    7 

0  26 

»« 

17    7 

0  21 

April  11th 

6    6 

0    0 

May  25th 

1  13 

2  12 

99 

7    8 

1     6 

Jvitf  19th 

0  18 

2  12 

It 

0  12 

1  18 

fi 

4    2 

1  16 

>» 

1  17 

0    7 

Aug.  89th 

0  17 

3  27 

» 

6  18 

2    0 

»i 

2    3 

1  14 

Not.  16th 

4    1 

1     0 

i> 

2  14 

3    0 

Dee.  31tt 

62    4 

0    0 

yi 

18  19 

1     0 

f$ 

70  14 

3    0 

1866. 

Feb.  14th 

0    0 

0    7 

24th 

2    3 

1    0 

9J 

1     6 

0    0 

M 

2    0 

3    0 

£      «.    d. 

0-076600 

•  •  a  • 

.  a  a  •  .  . 

634  16'  0 

0-006141 

•  a  •  • 

36  12     0 

0*004896 

•  .  •  • 

32    4    0 

0*030294 

.  •  •  . 

806    0    0 

0-001867 

0*672600 

20    4  .0 

0*002816 

•  a  •  • 

19  12    0 

0*002609 

.  •  •  • 

13    6    0 

0*001264 

•  •  a  • 

6  10     0 

0*000612 

•  •  •  • 

3    0    0 

0112118 

a  •  .  . 

1076    6    0 

0004039 

•  .  a  • 

36  16    0 

0001867 

•  •  •  • 

10  16    6 

0*002867 

•  •mm 

19    0    0 

0002609 

a  •  a  a 

12  16    0 

0039361 

a  .  •  a 

372  16    0 

0*001264 

•  a  •  • 

8    16 

0*001660 

•  •  •  m 

7  18    6 

0001060 

•  .  •  a 

6    6    0 

0000627 

•  a  •  . 

2    0    0 

0002172 

•  •  •  • 

0*001224 

•  •  •  . 

_ 

0-000766 

a  •  •  • 

«. 

0000612 

•  .  •  • 

.. 

0000661 

.... 

... 

0*000306 

•  a  •  . 

— 

0*002609 

•  a  •• 

24  10    0 

0*001163 

9  •  m  • 

7    6    0 

0*001662 

•  •  •  • 

16  10  10 

0002540 

.  a  a  a 

18    6    0 

0001224 

a  ■  •  . 

6  16    0 

0*143820 

0336000 

66    0    0 

— 

•  •  •  a 

-   •.  .  . 

22  16    0 

m^ 

•  ■  •  ■ 

7  16    0 

— . 

.  •  •  • 

4    6    0 

0-000964 

0-436260 

20    2    0 

0*001224 

•  »    9  • 

12  17    2 

0000918 

•  •    •   • 

ooodboo 

11    4    8 

0-001102 

•  9    »   • 

6    0    0 

0*000612 

a  •  .  • 

2  12    4 

0-000306 

•  a  a  a 

' 

0*000409 

a  •  •  • 

10    0 

0000163 

•  •  •  • 

# 

^ 

•  •   •  a 

6120    0    0 

0*001316 

0*290000 

12  10    0 

0*000163 

• .  •• 

0062*600 

6  18  10 

0-001163 

•  •  •• 

a  •  •  • 

•- 

872    8 


1    0 
11  16 


d, 
6 


180  16  lo 


123    1 

10 

81  11 

10 

170    6  10 

22    8 

1 

62  16 

2 

121     1 

2 

28    2 

8 

4  12 

0 

462    6 

2 

86  19 

6 

42    9 

7 

141  17 

6 

48  12 

8 

182    0  11 

94  16 

7 

81  10 

6 

38    6 

3 

4    1 

0 

67  17 

0 

126  17 

1 

86  12 

6 

80  13. 

3 

60    1 

0 

63  19 

4 

14    2 

4 

32    2 

9 

7  17 

6 

18    1 

8 

76    3 

6 

24  17 

8 

24    7 

6 

7    3 

4 

160  18 

0 

16    0 

0 

27    0 

r 

7    7 

6 

^^* 

,i_ 

99  £3669    6    1 
▼•Im  of  ora  lolda 


„  nnaold.     42  10     3    0  ]  Lowest    ,,       », 
(Average  „      „ 

For  (hii  aeeouni,  eampikdfixm  the  Mine-books,  lam  indcHedto  W.  J.  Rawukso, 
E8a.|  of  Bayte. 
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more  sparingly  with  vitreous  and  red  silver ;  but  they 

Arsenical  silTer-ore  has  been  discoTered  in  quartz  near  Camborne ;  and  native 

silver  in  copper  pyrites  at  Crennia,  near  St.  Austell, — in  (gossan)  quartsose 

earthy  brown  iron-ore  at  the  Fowey  Consolidated  Mines  near  Fowey,-— and  in 

galena  at  Wheal  (Providence)  Tremayne  near  Hayle  ;  in  each  of  these  instances 

the  quantity  has  been  Tery  small. 

MiOHBLL,  Manual  of  Mineralogy  (Truro,  1825),  p.  21.     Gabbt,  CorniDoU 

Oeol,  Trans,  f  Til.  p.  88.  Gasa  &  Lbttsox,  Manual  of  Mineralogy  (London, 

1858),  p.  240. 

"  Dr.  Woodward  (yoI.  U.  page  29}  gives  a  very  advantageous  character  of  the 
'*  ore  found  at  Quarneck,  in  the  parish  of  St.  Allen  near  Truro.  It  was  a  blue 
'<  lead  ore,  very  rich  in  silver,  perhaps  beyond  any  in  England  besides :  •  *  * 
**  one  of  the  proprietors,  and  some  of  the  workmen,  averred^  that  a  ton  of  it 
*<  yields  140  ounces  (0*004284  its  weight)  of  silver. 

'^The  ore  which  is  poor  in  lead,  does  sometimes  yield  silver  plentifully.'* 

<«  Bo&LASB,  Natural  History,  pp.  210,  211. 

"  In  the  Garres  in  St.  Alien  the  ore  when  last  wrought  was  so  rich  in  silver,  as 
"  to  yield  one  hundred  ounces  to  one  ton  of  lead  "  (0 '003060  its  weight). 

Pbycb,  Mineralogia  Comubiensis,  p.  58. 

*'  Guameck  near  Truro,  now  called  the  Garres,  was  wrought  about  1720,  when 
"  some  of  its  lead  produced  "  (0-003060  its  weight)  *'  one  hundred  ounces  of 
"  silver  per  ton.  In  1814  it  was  again  set  at  work,  and  continued  two  years. 
«  During  this  period  it  produced  eight  hundred  tons  of  silver  lead  ore,  containing 
« thirteen  parts  in  twenty  of  lead^  and  the  lead  yielding  seventy  ounces  of  silver 
"per  ton." 

The  proportion  of  lead  in  the  ore  was  0*650000  its  weight ;  and 
n  silver  in  the  lead  „  0-002142        „ 

Cabnb,  (Cornwall  Oeol  JVans.,  i.  p.  120. 
FoL-WBBLB,  ComwaU,  ly.  p.  134.    C.  S.  Gzlbb&t,  Cormoattf  i.  p.  259.  Bbbs, 
CfyckpmKa  (Silybb),  xxxn.     HrroHim  ft  Dbxw,  Cornwall^  i.  p.  624. 
FHZLLXPt^  Mineralogy  (8rd  edit),  p.  335.   Mxohbll^  Manual  of  Mineralogy, 
p.  13. 

"  Silver  united  with  lead  in  the  state  of  galena  is  found  in  the  mine  of  Huel 
"  Fool." — ^KuLPBOTH,  Mineralogieal  Observations  on  ComwaU,  p.  30. 
Bbbobb,  Geological  Transactions^  i.  p.  171.     Ltboits,  ComwaU,  p.  oczx. 
-0.  S.  Gilbbbt,  ComwaU,  i.  p.  259. 

'*  Huel  Fool  nSb  Hehton  was  wrought  upwards  of  two  hundred  and  fifty 
**  years  ago,  •  •  *  and  about  eighty  years  since  yielded  tolerable  profit  to  the 
"  adventurers.  About  1790  it  was  again  set  at  work  and  produced  lead  ore  which 
"  yielded  from  thirty  to  forty  ounces  per  ton  "  (0*000918  to  0*001224  its  weight) 
"  of  silver,— Cabnb,  ComwaU  Oeol.  Trans.,  i.  p  119. 

"  The  galena  of  Huel  Fool  yielded  sixty  ounces  "  (0001836  its  weight)  "  of 
silver  per  ton."— Fhillips,  Mineralogy  (3rd  edit.),  p,  835. 

MiCHBLL,  Manual  of  Mineralogy,  p.  13.  Db  la  BscHBy  Report  on  ConwaU, 
Sfc,  p.  611. 
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are  destitute  of  those  still  rarer  silver-ores  afforded  by 
the  hdes  in  congenial  strata  below. 


"  The  mines  at  Penrose  near  Helston  haye  been  wrought  aboTe  two  htmdred 
'*  years."— (WooDWAXD,  ix.  p.  28.)    Bohlasi^  Natural  JETiffory,  pp.  210, 211. 
"  At  Penrose  there  is  a  rich  bunch  of  galena  which  opens  up  in  the  surface." 

KuiPAOTH,  Mineraioifieal  Ol9erw»Hon$,  p.  80 

BiBOBB,  Oedoffieal  Drantaeiiont,  i.  p.  173.  Polwkblb,  Camwatt,  it.  p.  184. 
C.  8.  GiLBBRT,  CormoaO^  i.  p.  269. 

'*  Huel  Bose  was  wrought  nearly  at  the  same  time  as  Hnel  PooL  Its  lead  ore 
«  yielded  sixty  ounces  "  (0-001836)  *<  of  silver  per  ton." 

Cabnb,  Camwatt  OeoL  TVoMt.,  x.  p.  120. 

Bb  la  Bbohb,  RtpoH  on  Cam»<Ul,  ^.^  p.  61  !• 

"  The  ore  richest  in  silrer  has  no  more  than  the  appearance  of  spar,  and  some- 
'*  times  common  clay.  *  •  *  I  have  seen  lead-ore  broke  in  the  tenement  of 
'*  Nansk^,  in  Illogan  parish,  bedded  in  a  yellow  day  of  the  ezaet  colour  of  snl- 
**  phnr,  •  •  «  yery  heavy,  and  reckoned  rich  in  lead." 

BoBLASB,  Naiurai  Hutory,  pp.  811,  812. 

"  In  Nanskuke  Downs,  in  a  very  promising  gossan,  we  dlscoTered  *  •  *  very 
'*  rich  lead  of  the  antimoniated  kind.  •  •  •  The  silver  in  it  was  plenty,  inso- 
"  mQch  as  to  render  the  mineral  worth  £18  or  £20  per  ton  without  any  dressing." 

Pbtob^  Mineralogia  CormAietui§,  p.  68. 

«  The  lead  veins  lately  discovered  by  Sir  Christopher  Hawkins  on  draining  a 
"  marsh  in  the  parish  of  Newlyn,  run  nearly  east  and  west  •  •  •  Beside  the 
"  lead,  and  a  little  quarts,  they  consist  entirely  of  clay.  Those  veins  are  far 
"  richer  than  any  north  and  south  veins  in  which  lead  has  yet  been  found.  The 
**  lead  yields  about  sixty  ounces  "  (0*001886  its  weight)  <*  of  silver  per  ton." 

Cabvb,  Ccmwatt  0ml,  TVtms.,  n.  p.  114. 

''  At  Huel  Bose  in  Newlyn,  during  1822,  the  sulphuret  of  lead  and  sUver  from  the 

Proponkm  of  lead  Froportion  of  lUver  in 

la  on.  ore.  Issd. 

Northlode  ....  0-670000 0001346  ....  0002010 

SonthloaA              0-Y7MNMI  (0*001414     to     0*001886 

south  lode   ....  0  770000 {  0*001682     „     0*001989 

and  the  lead  after  it  had  been  refined  still  contained  ••  0*000030  its  weight 
of  sUver."— HiOKBLX.,  ManwU  of  Mi$ieraio^,  p.  19. 

Datxbb  Qhjbbbt,  ComwaU,  in.  p.  272. 

**  The  lead  of  Cornwall  and  Devon  is  rich  in  silver,  so  as  to  yield  on  an  average 
'*  20  to  30  OS."  (0*000612  to  0*000918)  «  per  ton." 

PATTXNtoir,  ReporU  of  the  BriUth  Astoeiation,  m,,  Notices,  p.  61. 

''Bast  Huel  Bose  yielded,  in  1862,  as  much  as  2381  tons  3  cwt  of  lead-ore, 
"^Ting  1607  tons  of  lead  metal,  and  also  48,000  ounces  of  silver." 

OomwaUf  it$  Mine$  and  Mmm,  p.  229. 
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At  small  depths,  therefore,  the  lodes  are  richest  in 


Still  more  recently  the  produce  has  been, — 

1856. 


ComwalL 


••••••■• 


South  Oarroi 

Huel  Lomgford    

SuelTmvc&iiha  ...••. 
Eatt  Buel  Fabnouih  .. 

Huel  Mary  Ann 

Huel  Trelawny 

Budniek  Comola  ••••.. 

HuelLudeott   

Peniire  Ghue 

Holmhu»h • . 

EaiiHueljRat0  ...... 

C<Mm  Vivian •.. 

Buel  Wrty  ContoU, , . . 
Swofipoo/ •••••••.••• . 

HerodBfoot  

Caryol • 

South  Cargol  

Grtat  Buel  Baddem  .. 

HuelGolden    

PenhaUarva    

Pennanet  Stampt    .... 

Cubert  United     

BoiUngWeU   

North  Buel  Treiavmy, . 

Buel  Trehane 

Gfeat Bewae    •.....•• 
Bender     


Prnportton 

of  lUrer  In 
r   Imd. 

0001361 

0*002955 

0001467 

0*005080 

0-000465 

0'000830 

0001142 

0*001714 

0001168 

0*001897 

0000966 

0601871 

0*000861 

0-001887 

0000750 

0*001132 

0*000632 

0*001114 

0000867 

0001506 

0-000677 

0000918 

0000408 

0000918 

0000646 

0*000949 

0000444 

0000918 

0-000359 

0*000449 

0000504 

0*000826 

0000540 

0*000887 

0000440 

0*000661 

0000371 

0*000709 

0*000166 

0-0004^ 

0000297 

0000410 

0-000197 

0000266 

0-000257 

0000539 

0-001199 

0*001775 

0000070 

0000122 

— 

— 

1857. 

PkoportioB  of  savar  la 

iMd-oro. 

Iced. 

0*001366 

0003360 

0001458 

0-002041 

0*001231 

0*002020 

0001595 

0-001989 

0001125 

0*001912 

0*001028 

0-001439 

0-000858 

0*001208 

0000746 

0-001163 

0*000671 

0*001010 

0000577 

0*000918 

0000569 

0*000918 

0000012 

0*000025 

0000653 

0-000898 

0000554 

0-000887 

0*000500 

0*000765 

0000425 

0-000576 

0000096 

0-000477 

0000301 

0*000421 

0*000239 

0*000336 

0000105 

0*000214 

0000066 

0*000066 

Mb.  Hunt,  Memoir$  of  the  Oeologieal  Survey  of  Great  Brttom,— Mdcbsal 
Statistics.    1856,  pp.  29,  30 ;  1857,  pp.  31,  32. 

In  each  of  Mr.  Hunt's  groups  some  mines  seem  to  afford  the  ores  of  both  lead 
and  silver^  whilst  others  appear  to  yield  lead-ore  alone ;  but  whether  silver  is 
mentioned  only  when  its  proportion  is  known,  or  some  lead-ore  is  really  unmixed 
with  silver,  does  not  appear. 

Silver  has  been  obtained  from  many  other  Cornish  lead-mines ;  which  have 
been  described  by  Borlasb,  Natural  Bietory,  p.  210.— Pbtcb,  Mineraloyia 
CormibimtU,  p.  58.— Bbbqbb,  Geological  Traneaetkme,  i.  p.  171.— William 
Phillips,  75uf,  ii.  pp.  121-5.— Ltsons,  ComwaU,  ocix.— Polwhblb,  CorwwaU, 
IV.  p.  134.— C.  S.  OiLBBBT,  Cornwall,  i.  p.  259.— Hitohins  &  Dbbw,  Cornwall, 
I.  p.  624.— Cabnb,  Cornwaa  Geol.  Tram,,  ii.  p,  112.— Miohbll,  Manual  of 
Mineralogy,  pp.  9, 14.— Db.  Boasb,  ComwaU  Geol.  lYans.,  nr.  p,  193.— Davibs 
Oilbbbt,  ComwiU,  in.  p.  47.— Db  la  Bbohb,  Survey  of  Cornwall,  &c.,  pp. 
284,  287,  610-12.r-ALLBN,  Bietory  of  Liekeard,  pp.  421-482.  See  also  Com- 
waa  Geol,  Trana,,  v.  pp.  140, 193, 255,  268 ;  and  Report  of  the  Royal  JnMution 
of  Cornwall  (1851),  pp.  38^3. 

At  Trebisken-green  a  lode  oblique  in  direction  to  the  large  iron-vein,  so  well 
known  in  the  same  neighbourhood  (Cornwall  Geol.  Trant,  y,  p.  108.},  affords 
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amalgamable  (metales  calidos)^  —  but  at  greater,  in 
smelting  ores  {metales  Jrios). 

At  Pajonales,  an  adjoining  mountain  west  of  Chan- 
arcillo,  the  shallow  parts  of  many  lodes  afforded  much 
silver-ore ;  *  but  at  greater  depths  it  was  replaced  by 
the  ores  of  nickel  and  cobalt. 


irregular  masses  fbtmcheaj  of  ricli  ore.  This,  for  the  most  part,  is  galena;  which 
sometimes  contains  no  more  than  0*000153,  but  in  some  cases  it  has  yielded  as 
much  as  0*091922,— 0' 104040,— and  even  0*122584  its  weight  of  silver.  Portions 
of  the  lode  howeTer  have  produced  0*107100  their  weight  of  metal,  from  vitreous 
silver-ore  and  native  silver,  unmixed  with  lead. 

The  ore  sold  from  Trebisken-green  mine  has  been 


Weight  of  ore. 

1 

Data. 

aOewktotbetOD. 

PnrcbsMn. 

Proportloni  Price  of  ore 

Amoant. 

tonicirt.qn.lbs. 

of  lead. 

per  ton. 

1859. 

£     «.    d. 

£    9.   d. 

Sept.  14th 

1  14     2     0 

Rob.  Michell  &  Son. 

0*760000 

95  10     6 

164  15    6 

26th 

0     2    0     0 

Ditto 

0-450000 

74     3    4 

7    8    4 

1860. 

Mar.  13th 

0     1     3  16 

Trustees  of  Treflfry 
Estate 

0-750000 

435  10    6 

41    4    4 

f9 

0  14    3  19 

Ditto 

0*650000 

135    0    0 

100  14     1 

W 

0    4    3  11 

Ditto  . 

(Slimes) 

7  10    0 

1  16    4 

Aug.  14th 

1     9    0  12 

Bob.  MicheU  &  Son. 

0*650000 

333    7    6 

485    8    6 

f» 

2  19    0     1 

Ditto 

0-612500 

97    0    0 

286    3  10 

7    6    13 

£1087  5  11 

Assays  show  the  silver  contained  to  have  been  (3868  troy  ounces  per  ton)— 

0*016189  the  weight  of  ore, 
or  0-024590  „  lead.  Account  Booka  of  the  Jime. 


"  In  the  island  of  Sark  no  silver  ores,  except  a  few  crystals  of  ruby  silver, 
''  occur  uncombined  with  lead  in  the  western  part  of  the  Sark  mine ;  but  east- 
"  ward  the  lode  contained  rich  deposits  of  silver  ores  without  any  lead.  The 
"  muriate  of  silver  was  imbedded  in  gossan,  and  mixed  with  the  blue  and  green 
"  carbonates  of  copper  near  the  surface ;  but  at,  and  for  thirty  fathoms  below, 
**  the  adit  (sea  level)  it  was  replaced  by  black  sulphurs  ts  of  silver  and  copper, 
"  mixed  with  disintegrated  iron  pyrites ;  and  still  deeper  the  sulphuret  of  silver 
"  was  found  combined  with  the  sulphurets  of  copper  and  antimony.  In  the 
**  deeper  levels  west  the  lode  afforded  sulphato-tricarbonate  of  lead,  sulphuret  of 
"  lead,  saper-sulphuret  of  lead,  black  sulphuret  of  lead  (rich  in  silver),  antimon- 
"  iferous  galena,  and  granular  galena  which  contained,^- 

"  Lead  In  the  ore.  Silver  in  the  ore.  Silver  in  the  lead. 

0*200000  to  0*850000  ....  0*000096  to  0*000384  —  0*000019  to  0*000326." 

Faincb,  ComwM  GeoL  Trana,,  yi.  102. 
*  M.  Domeyko,  Annaks  dea  Mines,  4mc  S<3rie,  ix.  p.  434. 
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It  has  been  already  said  *  that  the  lodes — ^passing  un- 
interruptedly downward,  through  three  strata  of  lime- 
stone {a.  c.  e.)  alternating  with  two  of  greenstone  (b.  d.^ 
and  partaking  in  turn  the  nature  of  every  rock  they 
traverse — ^are  productive  in  the  limestone  alone.  Much 
smaller  than  similar  deposits  of  tin,  lead,  and  copper 
elsewhere,t  the  masses — (in  Cornish  mining  language 
rather  bunches  than  courses'^) — of  rich  silver-ore  they 
afford, — as  well  as  the  congenial  earthy  matrix  sur- 
rounding them,  which  is  severed  merely  by  unkindly 
homblendic  ingredients  in  the  greenstones, — ^maintain 
— ^in  obedience,  perhaps,  to  a  common  influences-one 
uniform  shoot  ^  or  inclination  throughout  the  three 
limestones  (PL  II.).  This  slope — subordinate  to  that 
of  the  granitic  formation  between  Chanardllo  and 
Pabellon  on  the  north  || — is  more  rapid  than  that  of 
either  the  strata  or  their  several  beds ;  and,  like  it,  is 
towards  the  south-west. 

*  AnUf  pp.  69, 70. 

t  BorUse,  NaiwnU  HUtory,  PL  XVIII.  Pryoe,  JCmraUigia  Comub.,  PL  rV* 
H<ron  de  VUlefoste,  La  EiehMie  Miniral,  PU  V.  VI.  VII.  XII.  XIH.  XIV. 
XV.  XVI.  XVIU.  XIX.  XX.  Thomson,  TVoMb  Ml  5w«lm,  PL  X.  WiUitfnSt 
O^oto^ieal  DramaeiumM,  it.  PL  7,  fig.  3.  Weayer,  Gtohgioal  TranmictumB,  r. 
PL  12.  Clarke,  Traveli  (Edit.  1824),  x.  p.  621.  Burr,  PnuHoal  Qeotogy^  PI- 
Vin.  IX.  De  la  Beohe,  Report  an  ComwaU^  ^.^  PL  VIII.  IX.  Henwood, 
ComwaU  QeoU  Tram.,  ▼.  PL  I.  fig.  9 ;  —PL  IV.  fig,  4.  Foster  &  Whitney, 
Bepori  on  th§  Copper-Landi  of  Lake  Stq^rior,  PL  VII.  Whitaej,  MeiaUie 
WeaUh  of  the  United  Statea,  PL  I.  n.  UI.  PemoUet,  Annaiet  dee  Mmei,  4me 
84rie,  X.  PL  6,  fig.  9 ;— PL  6,  fig.  7, 10^  15, 17.  Enejfelop^dia  Britatmiea  (8th 
Bdit),  XT.  p.  224,  fig.  8. 

%  **  When  the  hde  oonaiats  either  entirelj,  or  for  the  most  part,  of  ore,  it  is 
'<  proTinciallj  called  a  eow$e  of  ore;  and,  if  the  metallic  sabstances  appear  i& 
**  short  and  unconnected  masses,  they  are  designated  hunehet  of  ore." 

ComtoaH  Geol.  TVtms .  T.  p.  210. 

i  ComwaU  OtoL  TVoim.,  t.  pp.  41, 64,  87*>  129, 193;— ti.  p.  146. 

g  ^nnol^dfof  Jlmeff,4meS^e,  IZ.FLIV. 
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When  the  lodes  of  Chanarcfllo — whilst  they  traverse 
the  first  and  second  limestones,  —  are  viewed  either 
longitudinally  or  transversely,  the  rich  portions  of  some 
confront  the  poor  parts  of  others ;  although  meridional 
lineS) — to  which  their  directions  are  oblique, — intersect 
the  productive  parts  of  alL* 


Fiff.9.    Plan. 

The  extent  and  (approximate)  produce  of  the  prin- 
cipal mines  wrought  in  Chanarcillo  during  the  five- 
and-twenty  years  ending  with  1 856,  have  been,t — 

Mine.  Sztenty  Fonnatioii.  Prodnoe 

ftthonn.  (approiiiiuiMlj). 

UantodeOssa 94x48     Manto        ) 

Colaradalode \  £400,000 

Wcarms^i  lode    ... ) 

Talenciana     47x48     Manto        ) 

Colorada  lode V     800,000 

Warm^e  lode    ...  j  " 

Forwazd  £700,000 


*  Came,  Cornwall  Oeol  Drant,,  in.  p.  78.  S«e  alio  Ihid,  T.  pp.  87*,  215, 233; 
and  Anie,  p.  10. 

t  Sdwxm  Pbigb  WjLBmo,  Esa*!  of  Neath,  Manager  of  Colorada  &  Deiewyewo, 
I       M8& 
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Mine. 


Extent, 
fiUbomt. 


Fonnation. 


Produce 
(approximately). 

Forward  £700,000 

Esperanza 141x39  1  (Coloradahde 

{  \  Waring" 8  lode     ..• 

Bolaco   94x48  r ]  Ccmdelaria  lode  ... 

3  [^Bolaoolode     


200,000 


Coloiada    85x46 


Desempc^o 57  x  64 

San  Francisqtdto  ...  48  X  58 

Bocona 29  X  89 

San  Jo8^    65  X  51 

San  Francisco  viejo.  94x48 
San  Francisco  nueyo*  85  x  48 

Delirio  88X75 

Constancia     98x42 

San  Bias    98x42 

Descubridora  ..x— • 


} 


•••• •• 


Colorada  lode 
Waring^a  lode 
Candelaria  lode 

Colorada  lode ) 

Waring^a  lode     ... ) 

Ditto  

Ditto  

Ditto  


Ditto 


600,000 

120,000 

200,000 

60,000 

700,000 

800,000 

800,000 
160,000 
100,000 
2,000,000 
Mina  do  Carvallo  ...  —  x  —     ChmadeCarvaUo.        200,000 

£6,140,000 

Beside  these  there  are  several  smaller  mines  of  which 
It  is  not  easy  to  ascertain  the  produce. 


Ditto  

Ditto  

Ditto  

Descubridora  lode» 


(D)  (1.)  Several  cross-veins  coincide  in  direction 
with  two  series  of  the  joints ;  *  and  traverse,  like  them, 
both  the  rocks  and  lodes  of  Chanarcillo.    They  are, 

Mine.  Cross-Yein.  Direction.  l^'P* 

MantodeOasa.  GrecU  Flucan Sr  E.  of  S.  &  W.  of  N.  ..  N.E. 

Colorada  ....  Croaa-vdn    25" S. of  E.  & N. of  W.  -.    N. 

„      ^    ,  ,.     ,       ^         (  Eastward  80"  E.  of  S.  &  W.  of  N.  . .  N.E. 

SanJoae  ....  Northern  Flucan  [^^^^   5"  W.  of  S.  ife  E.  of  N.  ..    E- 

Southern  Flucan    80'E.of  S.  &  W.ofN.  ..  N.E. 

San  Franciaoo 

viejo      ....Flucan 28"  E.  of  S.  &  W.  of  N.  ..  N.E. 


•  Ante,  p.  74. 
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The  cross'veinj  intersected  at  a  depth  of  fifty-five 
fathoms  in  Colorado,  extends,  however,  neither  upward 
to  the  surface,  nor  downward  to  the  first  hornblendic 
formation.* 

(2.)  Their  inclination  towards  the  north  and  east  is 
opposite^  as  well  to  the  nearest  slope  of  granite,t  ^  to 
the  strata :{:  and  ore-shoots  in  the  lodes,\  all  which  dip 
to  the  south  and  west. 

(3.)  The  Great  Flucan  is,  at  the  Manto  de  Ossa, 

as  much  as  eleven  iathoms,  whibt  the  cross-vein  in 

Colorada  is  no  more  than  a  foot,  in  width.     The  other 

ftucansj — of  intermediate  dimensions, — usually  average 

from  ten  to  twelve  feet 

(4.)  The  cross-veinSf  like  the  lodes,  resemble  the 
rocks  they  traverse,  in  mineral  composition,  and  are  cal- 
careous in  the  limestone,  but  hornblendic  in  the  green- 
stone series.  Generally  much  softer  than  the  strata,  and 
sometimes  composed  almost  wholly  of  clay,  they  are 
divided  by  many  longitudinal  joints,  ||  of  which  the 
usually  glossy  sides  are  often  deeply  though  irregu- 
larly furrowed,  with  highly  inclined  undulating  striae.^ 
Their  stony  ingredients  are  however  more  crystalline 
than  those  of  the  lodes. 

*  CamwaU  Geol.  Trana.^  y.  p.  381. 
t  CcTWwdU  Geol,  Tram,^  v.  p.  277.    AiUe,'pp,  7U74. 
X  Ante,  pp.  71*73.        {  Ihid,  p.  123.     Cornwall  Qeol,  TVoim.,  y.  pp.  259-261. 
I  *'  One  of  the  most  remarkable  features  in  the  etracture  of  cro8»-veinB  is  the 
"  prevalence  of  joints.    Owing  to  this  preyalence  the  crou-veiiu  haye  generally 
^  more  distinctly  marked  waUt  or  boundaries  than  the  lodes.  The  same  stmetnre 
"  ii,  moreoyer,  so  common  in  the  vicinity  of  ero««-«0tfM»  that  the  rock  on  both 
"  tides  often,  fo  rseveral  fathoms^  consists  as  it  were  of  alternate  yeina  of  quartx 
**  and  of  the  adjoining  stratum.— -CofiMcaA  Qeol.  TVtiiM.,  ▼.  p.  260. 

%  Ante,  p.  13. 
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Near  the  Manto  de  Ossa  many  small  drusy  hollows 
ia  the  Great  Flucan  unite  to  form  an  irregular  cavern 
of  more  than  forty-five  fathoms  long.* 

The  strata  maintain  the  same  respective  levels  on 
opposite  sides  as  well  of  every  lode  f  as  of  every  cross- 
vein  in  Chanarcillo,  except  at  San  Francisco  vigo; 
but  there, — as  already  mentioned, J — each  formation 
is  on  the  south-west  (foot-wall) ^  about  twenty-one 
fathoms  higher  than  its  counterpart  on  the  (hanging- 
wall)  north-eastern  side  of  the  flucan. 

(a.)  Some  of  the  lodes  intersect  others ; — but,  with 
one  exception  only, — they  are  all  intersected  by  the 
cross-veins. 

•ulii^,p.89.    t/M(/,p.87.    ji^p.n. 
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(1.)  Chanarcillo  thus  presents  five  contacts  of  differ*- 
ent  lodes  ;^ — 

in  one  of  which  two  lodes  unite  ; 
ft  a  second,  ,^    one  lode  simply  intersects  another  ;-^ 
„  a  third      „    one   „    A«<w"theodiertothe)        ^^^ 

and  the  remaining  two  lodes  heave  other  two  to  I    crreater  antrle. 

the(L.)lefirhand;-J    ^  ^ 

(2.)  It  exhibits  also  fourteen  intersections  of  lodes 
by  cross'veinsjif — 

at  each  of  which  the  lode  is  heaved; 

all  these  heaves  are  to  the (L.)  left-hand ; 

but  thirteen  of  them  are  towards  the...  (G.  A.)  greater  angle ; 
whilst  one  only  is  „        ...  (S.  A.)  smaller    „     . 

But  though  the  heaves  of  different  lodes  by  the  same 
crosS'Vein  are  not,  in  all  cases,  towards  like  angles; 
they  are — in  Chanarcillo  at  least — always  to  the  same 
hand.j; 

*  In  Cornwall  and  Deron  twenty  intersections  of  lodes  by  other  lodei  of  similar 
composition,  exhibit- 
six   (80  per  cent.)  simple  intersections, — 
nine  (46       „      )  heaves  to  the  right-hand,  and^>  . 

five  (26       „      )      „        „      left-hand: 
nine  (45       „      )      ,,     towards  the  (S.  A.)  smaller  angle,  and— 
fiye  (26       „      )      „  „         (G.  A.)  greater  angle. 

ComwUl  Oeol,  3Von«.,  t.  p.  289. 
t  Of  233  intersected  lodes  in  Cornwall  and  DeTon,— 

108  are  trayersed  by  (eross<ourses)  quartsose,  and  126  by  (JhMms)  clayey 

cross-veins. 

by  eross^ourseSf  by  flueans. 

The  lodes  intersected  bnt  not  heaved  are  31  or  28*7  per  cent.,  22  or  17*0  per  cent. 
„        heaved  to  the  (R.)  right-hand,  48  „  44*4        „        60  „  66*2      „ 
tt  M  (L.)  left-hand,    29  „  26*9        „        84  „  27*2      „ 

„        heaved  towards  the  (G.  A.)— 

greater  angle,  64  ,»  69*3        „        88  „  70*4      „ 
M  If  (S.  A.)— 

smaller  angle,  13  „  12*0        „        16  „  12*0      „ 

ConwDaU  Geol,  TVam.,  t.  pp.  291-2. 
f  As  more  than  97  per  cent,  of  the  lodes  trayersed  by  cross^vems  in  Cornwall 
**  and  Deyon  are  either  heaved  in  the  same  direction,  or  are  simply  intersected,— 
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Between  the  extent  to  which  the  lodes  are  heaved  by 
crosS'Veins,  and  the  magnitude  of  the  angles  included 
at  their  contact,  no  relation  can  be  traced  in  Chanar- 
cillo ;  *  where  heaves^  differing  widely  in  extent,  attend 
intersections  at  nearly  similar  angles. 

The  crosS'Vein  by  which  the  lodes  are  heaved  furthest 

is  however,  the  lai^est^t  ^  ^^^^  ^  ^^^  ^^^^  highly 
inclined  in  the  district 

(3.)  The  Colorada  lode  intersects,  but  does  not  heave^ 
a  small  cross-vein  ;  ^  which  is  traced,  either  vertically 
or  horizontally,^  but  a  very  short  distance. 

(4.)  Each  of  the  five  strata  on  one  side  corresponds 
exactly  both  in  thickness,  and  —  with  but  a  single 


^  whilst  lest  than  8  per  cent,  are  heaved  in  opposite  directioni,  it  may  be  assumed, 
•<  generally,  that  the  heaves  of  iUfferent  lodes  by  the  same  eross-vemf  are  in  the 
'*  same  direction.*- Conuro/I  Geol,  TVans,,  t.  p.  324. 

*In  Cornwall  and  Devon  the  relations  between  the  angles  included  and  the 

results  of  the  intersections  are, — 

Proportton  of  inteneetloos       Propoartion  of        Arenige  dlitanca 
Atgle  Indndcd  unattended  by  Amvm.  heaves.  of  heave, 

c*— icr —     —      — 

10* — 20** 0*4  per  cent 0*4  per  cent.     ••  1*00  fins. 

20*--80'* 0-8        „  ....    3-1        „          ..  2-65   „ 

30**— 40"* 0*8        „  ....    8*1        „           ..  4*03  „ 

40**— 50' 0-4        , 6*7        „  ..  6-40   „ 

60"— 60* 2-6        „  ....    6-8        „          ..  3-23  „ 

60"— 70* 4-8        „  ....11-9        „           ..  2*06  „ 

70»— 80« 4-3        „  ..,.20-7        „          ..  2-66   „ 

80*— 90* 8-7        „  ....25-6        „          ..  271   „ 

Cornwall  Qeol,  Trans.,  t.  p.  301. 

**  t  In  Cornwall  and  DcTon  the  average  distance  of  the  heaves  by  cross'veins^' 

<*  less  than  one  foot  wide,  is 2*08  fms,, 

"more  than  one  foot  wide,  „ 3*83  „  ." 

Cornwall  Geol.  Trans,,  ▼.  p.  298. 

{ilfi<0,p.  12. 

}  "  In  Cornwall  and  DoYon  there  are  cross-veins  •  •  •  which  appear  only  at 
"  considerable  depths ;  *  *  *  whilst  others  extend  but  short  distances  horizon- 
"  tally."— Comtewtf  Geol.  T^ans..  v.  pp.  311,  312. 
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exception  * — in  level,  with  its  counterpart  on  the  other 
side  of  every  foefef  ^^^  cross-vein^  in  Chanarcillo. 
These  conditions  are  as  incompatible  with  either  a 
vertical  or  an  oblique  movement  of  the  rocks  on  one 
side  or  other  of  the  veins;  as  they  are  with  motion  in 
any  direction,  save  one  parallel  to  the  normal  position 
of  the  upper  and  lower  faces  of  each  stratum  §  in  the 
series.  II  Nor  is  it  easy, — if  indeed  it  be  possible, — to 
reconcile  even  thisf  with  the  unequal  displacements 
(heaves)  of  different  lodes  by  the  same  cross-vdn.^* 

( — a.)  In  the  exceptional  case  at  San  Francisco 
viejo  the  strata, — horizontal  on  both  sides  of  the  flucauj 
— are  twenty-one  fathoms  lower  in  its  north-eastern  or 
upper  side  ( hanging-wall) ,  than  their  respective  coun- 
terparts in  its  south-western  or  lower  side  (foot'Wall)'f'\' 
(Section,  PL  II.) ;  whilst  the  Waring^  Colorada,  and 
Loreto  or  Dolores  Primera  lodesj — all  dipping  64** — 
78**  N.W.,  are  heaved  by  the  same  fiucan^ — the  first 
two  17*0  the  last  16"5  fathoms, — towards  the  (L.  G.  A.) 
left-hand  and  the  greater  angle  (Plan^  PL  I.). 

( — 6.)  The  coincidence  of  alternating  strata  which 
confront, — each  its  counterpart — on  opposite  sides  of  a 
(cross-vein)  flucany  can  be  deranged  by  no  movement, 
of  one  side  or  other,  parallel  to  their  upper  and  lower 
faces.     But  every  vein — either  vertically  or  obliquely, 

•  Ante,  pp.  71,  72, 125.         t  Anis^  p.  87.  t  -^'^i  P-  ^^^ 

§  If  the  upper  and  lower  plaaes  are  not  absolutely  parallel,  any  moTement  eo- 
incident  with  one  of  them  must  necessarily  displace  the  other. 

II  Ante,  p.  87.  H  Ante,  p.  127.  Table  III.  PI  J. 

••  ComwdU  Geol  Trans.^  t.  pp.  820—322. 

ft  Professor  Phillips,  lUuitnUione  of  the  Gwlogy  of  Yorkshire,  Part  ii., 
p.  iii.  PL  XXIV.  fig.  16.    Ante,  p.  72,  Note. 
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— traversing  strata  so  moved,  must  of  necessity  be 
displaced  (heaved)  an  equal  distance  in  the  same 
direction.* 

( — c.)  A  vertical  elevation  of  twenty-one  fathoms 
on  the  south-western  or  lower  side  (foot  wall)  of  the 
flucan  at  San  Francisco  viejo  would  have  produced 
the  difference  observed  in  the  level  of  identical  strata 
on  its  opposite  sides ;  but  such  a  movement  must  have 
necessitated  heaves  of  all  lodes  dipping — as  these  lodes 
dip— 64^-78^  N.W.— 

from  9*6  to   5*0  fms.  towards  the  right-hand ; 
whereas  the  actual  heaves  are  16*5  ,|  17*0  „  ,,  lefl-      „  .f 

Hence,  neither  a  horizontal  ( —  6.)  nor  a  vertical 
( —  c.)  movement  resolves, —  even  approximately, — 
this  inseparably  connected  group  of  phenomena. 

( —  d.^  An  elevation  on  one  side  produces  the  same 
displacement  as  a  depression  on  the  other,  when  oppo- 
site sides  (walls)  of  the  (cross-vein)  flucan  are  moved 
equal  distances  at  similar  angles,  in  contrary  di- 
rections.J  The  following  columns  therefore  represent 
dynamical  equivalents : — 

Side  moved.  Direction  of  moffemeiU* 

South-western  or  lower  side  (foot  wall)  Upheaved  towards  the 

south-east. 

North-eastern  or  upper  side  (Jianging-UHxll)..,  Depressed  towards  the 

north-west. 

*  ProceMnga  of  the  Geological  Society  of  London  (1832),  i.  p.  406.  ComwaU 
Geol,  Trane.^  ▼.  pp.  347,  365. 

t  Proceedinge  of  the  Geologiedt  Society  of  London  (1832),  i.  p.  406.  Edin- 
hurgh  New  Phil,  Journal^  xxii.,  p.  161.  Reporte  of  the  British  Aaeociation,  n. 
Part  XI.  p.  74.  Cornwall  GeoL  Trana.^  v.  pp.  347,  356.  Mr.  Fox,  Report  of  the 
Royal  ComwcUl  Polytechnic  Society  (1836),  p.  123.  Sir  Henry  T.  De  la  Beche, 
Report  on  the  Geology  of  Cornwall,  Devon,  and  West  Somereet^  pp.  298-300. 

X  ComwaU  Geol.  Trans,,  v.  pp.  346, 348. 
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When  several  planes,  inclined  at  different  angles,  are 
intersected  and  displaced  on  another  plane  oblique  to 
them  all,  the  extent  of  displacement  measured  on  the 
line  of  movement  is  in  every  case  the  same;  but  at 
right  angles  to  the  dip  of  each  vein  so  dislocated  it  is 
proportional  to  the  angle  included  between  the  dislo- 
cated and  the  dislocating  planes. 

The  following  theoretical  enquiries  embrace  the 
direction,  inclination,  and  extent  of  the  motions,* 
adequate  to  produce,  under  different  circumstances, 
some  of  the  displacements  observed  in  the  strata  and 

lodes' of  Chanarcillo. 

—  -    — — * — —  ■ 

*  Comwatt  Geol.  Trana.t  ▼.  p.  366. 
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This  comparison  of  theory  with  fact  shows  that  the 
single  rectilinear  movement  which  reconciles  these 
displacements  of  the  strata  with  those  of  the  Waring 
and  Cohrada  lodes,  whilst  all  retain  their  normal 
inclinations,  is  incompatible  with  both  the  dip  and 
dislocation  of  the  Loreto  or  Dolores  Primera  lode. 
On  the  other  hand  a  uniform  motion  sufficient  for  the 
conditions  of  the  strata  and  the  Loreto  lode  is  incon* 
sistent  with  those  of  the  Waring  and  Colorada  lodes* 

The  differences  depend  neither  on  minor  fractures 
nor  on  unequal  movements  of  ruptured  strata ;  for  of 
such  there  is  no  trace.f 

If  however  the  Loreto  lode  had  inclined  but  a  little 
less  than  the  Waring  and  Colorada  lodes,  the  very 
same  motion  which  could  displace  C heave)  them  seven- 
teen fathoms  horizontally,  and  at  the  same  time  elevate 
the  strata  twenty-one  fathoms  vertically,  would  also 
have  heaved  it  sixteen  fathoms  and  a  half.  t 


*  "  In  Cornwall  and  Deyon,  amongst  the  recorded  examples  of  several  lodes 
**  intersected  by  the  same  crot»'Vein,  there  is  not  an  instance  in  which  motion  in 
**  one  direction  and  of  the  same  extent  will  restore  the  continuity  of  every  lo€le  so 
'*  intersected.  «  •  •  •  j^j^y  guch  uniform  motion  will,  in  fact,  produce  in  their 
"  relatiye  positions  on  opposite  sides  of  the  croft-vMn  greater  discordances  than 
« those  which  at  present  subsist." — ComwaU  Geological  Tran».,  t.  pp.  370, 380. 
Edinhurgh  New  PhiloaqphiaU  Journal^  xxzi.  p.  163. 

t  '*  If  we  suppose  it  possible  for  the  rocks  to  have  been  so  broken  that  each  lode 
"  was  contained  in  a  different  fragment,  and  that  these  minute  masses  had  an 
«  independent  motion,  in  any  direction  and  to  any  extent  required ;  although  such 
•(  movements  might,  within  certain  limits,  have  afforded  any  desired  results ;  yet 
"  the  motions  in  different  directions  necessary  to  the  production  of  the  obserred 
"phenomena,  in  different  portions,  would  often  have  required  that  the  rocks 
*'  should,  in  some  spots,  have  suffered  much  compression,  whilst  large  vacuities 
"  must  have  been  left  in  others.  Had  such  convulsions  ever  taken  place,  traces 
'<  of  them  must  have  been  conspicuous;— but,  in  fact,  nothing  of  the  kind  has 
"  been  detected,— even  in  a  single  instance." — Cornwall  Qeol,  Trans.,  v.  p.  383. 
Edinburgh  New  Phil  Journal,  xxn,  (1837)  p.  162. 
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But  such  a  constant  difference  in  dip, — though  of 
one  degree  and  a  quarter  only, —  would  have  made 
this  productive  hde  the  flattest  in  Chanarcillo ;  which 
is  certainly  not  the  case. 

Whether  these  discrepant  displacements  (heaves)  of 
neighbouring  lo4es  result  from  irregularities  of  outline 
in  those  parts  which, — touching  opposite  faces  (walls) 
of  the  same  (cross-vein)  flucan  at  different  depths, — 
would  coincide  if  they  were  confronted ;  or  whether 
the  separated  portions  of  identical  lodes  have  here, — ^as 
in  Cornwall  and  Devon, —  unlike  configurations  on 
contrary  sides  of  the  dividing  (cross-vein)  flucan  ;  the 
data  I  possess  are  insufficient  to  determine.* 

The  conditions  here  assumed  suit  rigid  masses  only, 
and  are  altogether  inapplicable  to  matter  in  a  plastic, 
viscous,  or  semi-fluid  state. 


Although  the  sea  is  of  much  larger  area  than  the 


•  "  If  those  portions  of  the  same  hde$  on  opposite  sides  of  the  cro99-^^n8 
**  which  now  diride  them,  had  been  originally  connected  and  continuous,  and 
"  were  subsequently  separated  by  a  transyerse  fracture  accompanied  by  an  ele> 
**  Tation  or  a  depression  of  one  of  the  severed  portions,  on  delineating  the  line 
"  of  dip  of  both  these  segments  where  they  touch  the  crou-veins,  we  should 
"  expect  to  find  them  presenting  a  perfectly  or  nearly  similar  outline  ;  although 
« the  direction  of  any  moyement  they  had  undergone  might  not  allow  the  cor- 
"  responding  parts  to  be  found  at  the  same  leyels.  PL  X2L,  Fig.  15, 16,  17, 
"  18, 19,  20,  present  these  comparisons;  and  it  will  be  difficult,  if  not  impossible, 
« to  Imagine  that  lines  so  utterly  dissimilar,  could  ever  haye  been  united  and 
"  continuoos  at  all  parts  of  their  descent,  and  fractured  after  they  had  become 
"  perfectly  hardened."^ComioaA  Oeol,  Drans.,  t.  pp.  378-9. 
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land,*  water  can  neither  be  a  principal  constituent  of 
the  globe,  which— K>f  greater  specific  gravity  than  any 
known  rock — has  a  mean  density  variously  calculated 
at  4*5 — 6*5 ;  t  nor  can  it  penetrate  £eir  into  the  crust, 
for  at  a  depth  comparatively  8mall:|;  it  can  exist  only  in 
the  state  of  vapour. 

Water  infiltrating  from  above  becomes  gradually 
warmed  by  the  strata  it  traverses;  until,  at  length 
vapourized,  the  descending  column  is  balanced.  The 
unequal  temperatures  prevailing  at  different  depths 
necessitate  a  constant  interchange  of  its  particles. 
Further  infiltrations  must  mix  with  ascending  currents 
specifically  lighter  and  warmer;  and — consequently 
will  again  reach  the  surface — at  a  temperature  higher 
than  that  of  the  rocks  through  which  they  issue.  § 
This  equilibrium  between  the  descending  water  and 

*  '*  The  area  of  the  solid  land  bears  to  that  of  the  sea  the  proportion  of  100  to  284 ; 

'*  according  to  Rigaud  fCamb,  Phil.  Drant,,  ti.  (1837)  p.  297,    ,,    100  „  270 ; 

"  but  according  to  other  authoritieB,  the  proportion  is 100  „  284." 

HuKBOLDT,  Edinburgh  New  PhiloaopMealJoumal,  xxxiz.  (1845)  p.  108. 

See  alio  Malte-Bcun  ft  Balbi,  UmverMtU  Oeograpky  (London,  1861),  p.  57 ; 
Eneyekp€Bdia  Britanmea  (8th  Edit.  1866),  x.  p.  483. 

t  Maskelyne,  Phihtaphical  Tratuaetiaiu,  lxt.  (1775),  p.  532.  Hnttoa,  Ibid, 
Lxviii,  (1778)  p.  782;  cxi.  (1821)  p.  283.  Cavendish,  Ibid,  lxxxviix.  (1798) 
p.  520.  Flayfair,  Ibid^  oi.  (1811)  p.  376.  De  Zach,  L'aUracHon  de»  monUtgnM 
ei  »ea  effecti  iur  let  JUi  i  plomb  tm  tur  U  niveaiu  dee  inetntmente  d'aaironomie 
(Arignon,  1814),  i.  p.  351.  Carlini,  Opiratiane  Giodeeiguee  et  Astranomigvee 
pour  la  meaure  d*un  arc  fhs  Parallile  Moyen  exictUeie  en  Piimont  et  en  Savoiipar 
tute  Commieeion  d*qfiicier8  Piimontaia  et  Au8trichiena,en  1821^22-23  (4®  Milan, 
1825).  Heich,  Vereuche  uber  die  miUlere  Dichtigkeit  der  Erde  (8yo.  Freiberg, 
1838),  p.  43.  Baily,  Memoirs  of  the  Aetronomical  Society,  xiv.  pp.  90,  247. 
Airy,  Philotophieal  Traneactiona,  cxlyi.  (1856)  p.  343.    James,  Ibid^  p.  603. 

I  Babbage,  Ninth  Bridgewater  Treatise,  pp.  182,  198.  William  Hopkins, 
Phil,  lyantactione,  cxxxu.  (1842)  p.  43  ;  cxltii  (1857)  p.  805.  Hennessey, 
Ibid,  COLLI,  (1851 )  p.  495.  Professor  Phillips,  Quarterly  Journal  qf  the  Gedogv- 
eal  Society,  xv.  (1859)  pp.  xl7.-l. 

{ <*  Water  which  descends  to  the  Tolcanio  focus  la  there  oonTerted  into  steam, 
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the  vapour  beneath  it^  must,  of  course,  occur  at  depths 
varying  with  the  quantities  and  temperatures  of  the 
water  infiltrating. 

Much  of  this  infiltration  is  from  rivers,  lakes,  and 
the  sea,  but  the  greater  part  is  supplied  by  rain; 
which, — however  abundant  in  a  well-wooded  country, 
— diminishes  as  the  forests  are  felled,  and  sometimes 
ceases  almost  entirely  when  they  are  destroyed »  The 
surface,  thus  increasingly  exposed  to  evaporative  in- 
fluences,* becomes  more  and  more  dry;  the  springs 


"  whieh,  rising  through  fissoref  into  higher  regions,  meets  with  atmospheric 
"  waters  which  it  warms,  and  with  them  returns  to  the  surface." 

BiscHOFP,  Edinburgh  New  PhiloiopMcal  JoumtU,  zxti»  (1839)  p.  50. 

"  The  Tmrions  ramifications  of  the  great  adit  in  the  Owennap  mining  district 
"  have  an  aggregate  extent  of  between  thirty  and  forty  miles.  It  drains  a  tract  ■ 
"  of  about  5,500  acres  in  area  and  discharges  nearly  1,600  cubic  feet  of  water 
'*  per  minute.  Rather  less  than  one-half  of  this  stream  is  collected  at  the  adit, 
"  which  is  from  25  to  30  fathoms  deep ;  the  remainder  is  pumped  up  firom  a  mean 
*'  depth  of  about  190  fathoms.  Its  temperature  varies  between  60*5**  and  6B'*; 
"  and  is  on  an  average  more  than  12^  above  the  mean  of  the  climate." 
t  ComwaU  Owl,  TVofu.,  y,  p.  411. 

*  "  The  metalliferous  mountain  of  Marmato  in  the  province  of  Popayan  in 
"  New  Granada,  is  situate  in  the  midst  of  immense  forests.  The  stre&m  by 
"  which  the  stampers  are  worked  is  formed  by  the  union  of  many  small  brooks. 
*(  •  •  •  f  }^e  whole  environs  of  the  establishment  are  thickly  studded  with  wood. 
"  In  1826,  when  I  first  visited  these  mines,  Marmato  consisted  of  some  miserable 
*'  huu  inhabited  by  a  few  negro  slaves.  When  I  quitted  Marmato  in  1830,  it 
"exhibited  the  most  exhilarating  appearance.  There  were  now  great  work. 
"  shops,  a  foondery  for  gold,  and  powerful  machines  for  the  reduction  of  this 
"  precloiu  metal.  All  this  implies  that  the  wood  had  been  extensively  cut  down 
"lor  the  manufacture  of  the  machines,  the  construction  of  the  buildings,  and 
"  the  preparing  of  charcoal.  *  ^  *  The  clearing  had  been  going  on  for  scarcely 
"  two  yearSy  when  it  was  noticed  that  the  quantity  of  water,  which  was  required 
"  for  Uie  machines,  was  sensibly  diminished.  The  volume  of  water  is  in  fact 
"  measured  by  the  work  which  the  machines  perform ;  and  trials  by  guaging  at 
"  different  times  have  likewise  proved  the  diminution  of  the  water." 

The  town  of  New  Valencia  in  Venesuela  was^  according  to  Ovitdo  (Hittoria 
df  la  Phwtnda  d$  Vmitguela,  1723)  in  1555,  half  a  league  firom  the  lake  of 
Tieaxigoa;  which  is  fed  by  rivulets  rising  in  the  surrounding  mountains;  but 
its  waters  have  no  outlet.    As  the  population  increased,  and  the  neighbouring 
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dwindle,  and  at  length — no  longer  perennial — ^appear 
only  at  intervals  after  occasional  showers. 

The  reciprocal  relations  of  vegetation  and  water,  are 
perhaps,  nowhere  more  conspicuous  than  in  the  valley 

landB  were  cleared  and  cultirated,  streams,  which  had  previously  fed  the  lake, 
were  intercepted  by  artificial  channels  for  irrigation.  Their  aonrcea,  at  length, 
occasionally  failed,  their  beds  were  sometimes  dry  for  half  the  year ;  and  the 
lake — no  longer  replenished  as  it  had  been — subsided  so  far  that  the  width  of 
the  fertile  interval  between  it  and  the  town  has  increased  to  a  league.  Ancient 
shoals,  now  uncovered,  appeared  as  islands;  the  site  of  a  fort  which  had  in  1740 
been  an  island,  became  a  peninsula;  and  the  inhabitants  were  at  once  threat- 
ened with  a  scarcity  of  both  wood  and  water.  In  1822  I  visited  the  district; 
but  Venesuela  was  no  longer  subject  to  Spain.  The  smiling  valley  of  Aragua 
had  been  the  arena  of  most  bloody  contests;  war  and  death  had  desolated 
those  happy  scenes,  and  greatly  thinned  the  population.  Its  wide  spreading 
cultivation  was  neglected ;  and  forest  trees,  of  rapid  growth  within  the  tropics, 
had  in  great  measure  resumed  their  dominion  over  that  region  which  its  inhabi- 
tants, after  a  century  of  constant  and  painful  labour,  had  reclaimed.  When 
clearing  was  no  longer  continued,  and  lands  once  cultivated  had  again  become 
part  of  the  forest,  the  streams  reappeared,  and,  as  before,  found  their  way  to 
the  lake,  which  once  more  overflowed  a  part  of  the  cultivated  plain,  submeiged 
the  islands,  and  threatened  soon  to  sever  the  fort  from  the  main  land. 

In  the  island  of  Ascension  a  beautiful  spring  issued  from  the  foot  of  a  mountain 
which  was  originally  wooded.  After  a  while  the  forests  were  felled  and  the  moun- 
tain was  cleared ;  when  the  spring  becoming  gradually  less  copious,  at  length 
failed.  The  disappearance  of  the  spring  was  attributed  to  the  clearing.  T^e 
mountain  was  again  planted,  and  after  a  few  years  the  spring  reappeared^  became 
gradually  larger,  and  finally  was  as  copious  as  ever. 

BoussiNOAnLT  (abridged),  Edinburgh  N9W  Phil,  Journal,  xxir.  (18S8) 
pp.  89>91, 102-3. 

The  ancient  mining  laws  of  Brazil  strictly  enjoin  the  careful  preservation  of 
forests  at  the  sources  of  streams. 

**  Os  ro^eiros  nao  possao  rossar  de  novo  nas  cabeceiras  dos  corregos  de  pouca 
*'  agoa  de  que  se  uia  para  services  mineraes,  e  devSo  conservar  o  mato  em  diB' 
**  tancia  de  quinhentos  palmas  para  evitar  o  damno  da  falta  ds  agoa  que  por  esta 
"  causa  se  experimenta." 

Regimenio  dot  8tq)erintendenie$f  GuanUu-Morei,  e  Cffieiaet  dtpuiadot  fora  ot 
MinaM  do  Ovaro.  B<mdo,  ou  Addita$nento  ao  lUgimetUo  Mineral,  13  de  Maio, 
1736. 

Eschwege,  Pluto  Bra$ilieimi  (Berlin,  1833),  p.  145. 

The  Mouse  has  varied  in  volume  much  more  frequently,  and  has  Ikllen  Ar 
lower,  since  the  forests  near  its  sources  have  been  destroyed,  than  formerly." 
F&0FB880B  BoaoKST  (M.  Pimpumiaux),  Guide  du  Voyageur  en  ArdmtMy 
p.  lOi. 
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of  Gopiap6 ;  where,  more  than  two  centuries  ago,  a 
pleasant  river  flowed  to  the  ocean  through  corn  fields 
surpassingly  fertile,  and  orchards  rich  in  the  fruits  of 
every  clime.*  Of  its  condition  during  a  long  period 
subsequently  we  have  no  record ;  but  about  forty  years 
since  great  part  of  the  same  tract  presented  a  surface 
of  shingle,  pebbles,  gravel,  and  sand,  covered  with 
shells  near  the  coast,  and  everywhere,  more  or  less 
incrusted  with  salts  of  soda  and  magnesia ;  through 
which,  for  more  than  thirty  miles,  a  scanty  rivulet, 
thinly  fringed  with  dwarf  willows,  wound  its  way  to 
the  sea.*}*     Further  up  the  valley,  however,  trees  still 

•  '<  The  yalley  of  Copiapd  is  the  first  of  the  inhabited  yalleys  of  Chile.  •  «  * 
"  The  land  is  of  itself  yery  fraitftily  and  is  made  more  so  by  a  pleasant  riyer, 
"  which  runs  abont  twenty  leagues  in  it  before  it  empties  itself  into  the  sea,  in 
"  a  bay  which  makes  its  harbour.  Here  grow  all  sorts  of  the  natural  fruits  and 
"  grains  of  the  country  and  of  Europe ;  the  maise  yields  aboye  three  hundred 
"  for  one,  and  the  ears  of  it  are  almost  half  a  yard  long." 

HisiaHeal  relation  of  the  Kingdom  of  CkUe;  bp  Alonso  sa  Ovallb  of  the 
Company  ofJewMy  a  native  of  St,  Jago  of  Chile  (Borne,  1649).  FnnuBTOV, 
Voyagee  and  TraioeU,  xiy.  p.  168. 

t "  On  the  2drd  of  Noyember,  1821,  we  set  off  from  the  coast  for  Copiapd. 
«  •  •  «  xhe  first  part  of  the  road  lay  along  a  leyel  hard  surface  chiefly  of  rook, 
"  at  some  places  ooyered  with  a  thin  soil.  We  then  entered  a  broad  yalley,  the 
"  sides  of  which  were  formed  entirely  of  water-worn  stones  and  grayel,  coyered 
"  by  a  stratum  or  crust,  seyeral  yards  thick,  of  a  rock  composed  entirely  of 
**  broken  shells,  stretching,  as  far  as  we  could  discoyer,  oyer  the  whole  country 
"  bordering  on  the  sea.  The  yalley  was  three  or  four  miles  across,  and  bore 
*'  eTcry  appearance  of  haying  been,  at  some  former  period,  the  channel  of  a 
**  mighty  riyer,  though  now  shrunk  into  a  scanty  rivulet,  flowing  almost  unseen 
"  amongst  dwarf  willows,  stunted  shrubs,  and  long  rank  grass.  The  soil  was 
"  completely  coyered,  at  eyery  part  of  the  yalley,  by  a  layer  of  salt,  seyeral  inches 
'*  thick,  which  has  since  been  ascertained  by  analysis  to  be  sulphate  of  soda,  or 
"  Glauber's  salts.  It  lay  like  snow  on  the  ground  *  *  * ;  the  dust  thrown  up 
"  by  the  horses'  feet  almost  choked  us,  and  the  day  being  dreadfully  hot,  made 
"  cor  thirst  exceasiye,  when  we  hailed  with  delight  the  sight  of  a  stream ;  but, 
"  alas  t  the  water  was  as  salt  as  brine." — Hall,  Journal  written  on  the  Coaeta  qf 
ChiU,  Peru,  and  Mexico^  in  the  years  1820,-21, -and  22,  ii.  p.  21. 

**  There  is  very  little  land  cultiyated  down  the  yalley  "  of  Copiapd ;  '*  iu  wide 
"  expanse  supports  a  wretched  wiry  grass,  which  eyen  the  donkeys  can  hardly 
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flourished  round  the  homestead  at  Ramadilla.  Between 
that  time  and  the  present,  the  proprietor, — tempted  by 
the  high  price  of  fire-wood  at  Copiap6, — ^has  felled 
every  tree  and  grubbed  up  and  sold  every  root  on  his 
estate.  In  May  and  June,  1857,  the  river,  on  entering 
Bamadilla,  afforded  rather  less  than  twelve  hundred 
cubic  feet  of  water  per  minute ;  but, — ^thus  exposed  in 
a  country  where  a  week  of  occasional  showers  consti- 
tutes  an  unusually  wet  season, — it  was  wholly  absorbed 
by  the  thirsty  soil  after  a  further  course  of  only  five  or 
six  miles.  Even  when  swollen  in  summer  by  streams 
from  melted  snow  on  the  Cordillera,  it  never  reaches 
the  sea ;  but, — oozing  through  its  deep  beds  of  sand 
and  shingle, — forms  pools  in  the  deeper  parts  of  its 
ancient  channel.* 

The  water  t — nowhere  sufficiently  pure  for  use  on 
the  Copiap6  and  Caldera  railway — holds  the  sulphate 
of  soda  largely,  and  the  sulphate  of  magnesia  and 
common  salt  more  sparingly,  in  solution.  Large  estab- 
lishments are  therefore  requisite  for  distilling  river- 

**  eaL  This  poorness  of  the  Yegetation  is  owing  to  the  quantity  of  saline  matter 
"  with  which  the  soil  ii  impregnated.  Layers  of  sulphate  and  carbonate  of  soda, 
«  even  several  inches  thick|  occur  in  some  parts.  *  *  *  At  present  the  riTcr  con- 
**  tains  water  enough  to  reach  the  sea.*' — Da&wik,  Geology  and  Natural  Hitiofy 
qfthe  cotmtriei  vinUd  by  HM.S.  Beagle  (1st  Edit.),  p.  442 :— (2nd  Edit.)  p.  362. 

*  "  The  Bio  de  Copiapd,  which  waters  the  yalley,  does  not  reach  the  sea,  but  is 
**  lost  in  salt  pools  above  twenty  miles  from  the  port,  and  the  whole  country  around 
'<  is  covered  with  a  thick  incrustation  of  salt ;  at  some  distance  from  it  vegetation 
<<  disappears.  Between  this  place  and  the  sea  the  country  is  a  eomplete  desert. 
<'  At  the  village  of  Bamadilla  the  water  becomes  drinkable,  and  the  whole  aspeot 
'*  of  the  valley  is  changed,  it  being  covered  with  a  vigorous  vegetation,  as  fsr  as 
"  the  water  reaches.  The  width  of  the  valley  is  from  one  to  two  miles,  and  that  of 
"  the  river  varies  from  twenty  to  thirty  feet." 

Db.  Matbk,  Journal  of  the  GeograpMeal  Sookfyt  Tx.  (1836)  p.  869. 

t  Analysed  by  J«  Barclay  If  ontgomery,  Esq*,  M.D. 
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water  at  Piedra  Colgada,  and  sea-water  at  Caldera,* 
for  service  in  the  locomotive  boilers. 

Since  the  trees  have  been  destroyed  and  the  stream 
has  been  more  rapidly  dissipated  and  absorbed  than 
before,  several  reedy  swamps,  between  the  Ramadilla 
hoase  and  Piedra  Colgada, — formerly  frequented  by 
flights  of  beautiful  wild-fowl, — have  disappeared;  and 
many  of  the  more  distant  fields  have  been  abandoned 
to  the  desert.  Near  Monte  Amargo,  a  tract  of  several 
square  miles  is  covered  with  a  saline  crust  at  least  an 
inch  in  thickness. 

As  each  successive  irrigation  from  the  river  deposits 
its  saltSy  the  ground  so  watered  becomes  gradually  less 
productive;  it  is  therefore  periodically  flooded  and 
paddled,  when  the  noxious  ingredients  pass  off  in 
solution.  Land  thus  cleansed  bears  tolerable  crops  of 
wheat,  barley,  pumpkins,  and  cabbages,  whilst  the 
mdilot  (meUlotus) — called  by  the  natives  alfalfa,  and 
by  the  English  lucerne — ^flourishes  with  extraordinary 
luxuriance.  But  unwashed  ground,  before  it  is  entirely 
incrusted  with  salt,  yields  only  a  dry,  hard,  prickly, 
and  bitter  grass,  on  which  mules,  asses,  sheep,  and 
I   young  cattle  browse,t  and  the  Guanaco — stealing  down 


*  Although  small  qoantitiM  of  brackish  water  are  drawn  from  wella  near  the 
bctchf  the  inhabitants  of  Caldera  obtain  their  chief  supply  for  domestic  purposes 
from  sea-water  distilled  by  the  Copiapd  and  Caldera  Bailway  Company,  who 

realised firom its  sale;  in  18^4 £1008    8    6 

6 1365    9    1 

6 1859    6  11. 

Cartoi  d9  loB  Dinetom  a  hi  Aoeioniitaide  la  Compama  dt  la  FerrxhCarril d$ 

Cv^t^td,  1855-6. 
t  An  attempt  to  naturalise  the  llama  was  made  at  Bamadilla;  but,— like 
«ulier  trials  near  the  coast,— 4t  was  unsuccessful. 
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from  its  home  amid  the  sands  and  crags  of  the  desert — 
feeds  at  night.^ 

Whilst  the  lower  part  of  the  valley  was  undergoing 
these  transformations,  the  upper  seems  to  have  suffered 
little  or  no  change. 

Like  the  Copiop6  valley  below  Ramadilla,  every 
glen  and  ravine  in  Chanarcillo  exhibits  enormous  beds 
of  shingle,  pebbles,  gravel,  and  sand,  deeply  scored,  as 
if  by  running  water ;  f  but  shorn  of  the  coppice  with 
which  it  was  formerly  clad,  it  now  neither  affords  a 
trace  of  verdure  nor  contains  a  single  well. 

As  the  district  is  thus  destitute  of  means  for  working 
either  water  or  even  steam  machinery,  horse*whims 
(pique  tamos)  are  the  only  means  available  for  raising 
ore  to  the  surface;  but  these  are  inadequate  to  the 
greatest  depths.;}; 


*  Whibt  Tisiting  its  feeding-grotmds  the  gtunaco  sometimes  falls  a  prey  to  the 
miners,  and  forms  a  welcome  addition  to  their  meager  fare.  When  tiUcen  young 
it  is  easily  domesticated. 

t  AnU^  p.  70. 

X  «  The  ore  and  the  deada  which  were  formerly  drawn  out  of  the  mine  by  the 
« labour  of  horses,  are  now  brought  to  the  surface  by  the  application  of  the 
"steam-engine.  The  difference  of  the  expense  of  steam  and  horses  for  this 
*<  purpose  is  nearly  fifty  per  cent.  From  the  increased  number  and  the  increased 
«  depth  of  the  mines,  this  work  could  not  possibly  be  performed  at  present  by 
<*  horses." — Caiwb,  ComwaU  OeoL  Dx^ns,,  zii.  p.  61. 

"  Since  steam  has  replaced  horse-power,  winding  machinery  has  accompIiBhed 
<*  the  same  work,  at  less  than  one-tenth  of  its  previous  expense." 

Captain  Niokolas  Vitian,  Manager  of  Wheal  Totoan  and  Condurraic,  MS3. 
(1830). 

At  the  Cfam  Brea  Mines,  there  were  consumed  in  fire  winding-enginesi  during 
the  first  nine  months  of  I860,— 


Iioott  .. 

£696  18    9 

M               •• 

87  18  10 

•»          •• 

10  18    9 

»          •• 

9    8    6 

»»            •• 

8  18    8 

!••••••  r*««    SOfO 
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In  mines  where  lodes  are  systematically  wrought, 

toni  ewt.  tifu  Um. 

Coal 722    1    0    0  ..  wl 

Tallow....       0    9    0     4  •• 
Hemp  •••.      0    4    2  21  .* 

Candles  •• 848  Ibf.  •• 

Oa  41|  gallons 

or  at  Uie  rate  of • r...  £870    3    4peranB. 

The  materials  used  in  different  whim-shafts,  daring  one 
entire  year,  were— 

toiiaewt.qii.lba. 
Chain 16    8    8  26,  whieh  cost  £422    0    0 

^'^.k£}2    0    0     0...  120    0    d  ' 

Rope 2    0    0     O9  M  80    0    0 

Sondries  „  26    0    0—647    0    0 

Batimated  wear  sad  tear  of  steam-engbiss,  at  £50  each*.     250    0    0 

Cost  of  machinery  and  materials .•••..£1,767    3    4perann« 

The  wages  paid  daring  the  first  nine  months  of  1860  were—* 

to  Bngine-men.. £203    6    0 

Kibble-fiUers  366  15    0 

„      landers. 346  10    0 

or  at  the  rate  of 1220  13    4perann« 

Totalezpenae £2,987  16    8perann. 

The  ingredients  drawn  oat  of  the  mine 


Tin-stone,  oontaining  aboat  0-0175  its  weight  of  tin-ore— «boat  36,000  per  ann^ 
Copper-ore,  „  0*5  „  fit  for  the  market,  6,000     „ 

Rabbish  from  eross-ents  and  onprodootiTe  parts  of  the  ANist ....  6,000     „ 

Tons  48,000  per  ann. 

The  prodaee, — ^raised  one-half  from  100-130,  the  other  from  160-200  fathoms 
deep, — ^was  deUrered  on  the  sarface,  at  a  coat  of  aboat  one  ahilUng  and  three 
penoe  per  ton.— > 

CfonqnUd  Jrom  Account  Booki  at  the  Minet,   Hbnkt  Cubwism  Saxjcoh,  Esq., 
F.G.S.,  Mining  Journal  (1860,  December  15th),  xxx.  p.  84  (abridged). 

At  Jange  hohe  Birke,  near  Freiberg,  the  same  force  applied  to  ropes  of  differ- 
ent materials,  in  a  nearly  perpendicalar  shaft,  afforded,  on  aaayerage,  the  foUow- 

faig  daily  results  >- 

Weiflit  railed 

Depth.  t       I     1 1     f    I  ■!  .A ,  I      ■  I  ^ 

ftna.  wltli  heoipeo  rope  with  taea-wlre  rope 

46} 60  tons ••..  70 tons. 

107i 28    „     86    „ 

190    22    „     30    „ 

M.  C0KBB8,  Traiti  de  PBxphitatum  tkt  3£in9t,  m.  p.  225r 

Z 
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all  broken  ore  is  conveyed,  in  wheelbarrows  or  by 
tram-waySy*  through  horizontal  galleries  to  the  shafts. 

"  At  Wheal  Friendahip  Mine  in  DeTonihire  there  were  two  inclined  planes, 
«<  •  •  •  both  beginning  near  the  lame  point  on  the  anrfaoe."  The  one  whieb 
was  first  eonstracted  **  was  abont  five  hundred  yards  in  length,  and  the  perpen- 
"  dicnlar  depth  from  the  surface  was  six  hundred  feet,  the  angle  formed  with  the 
**  horimn  being  about  twenty  degrees ;  but  another  plane  is  now  in  use,  which 
'*  is  six  hundred  and  fifty  yards  in  length,  and  attains  to  a  perpendicular  depth 
"  of  about  one  thousand  and  twenty-fire  feet  below  its  mouth,  or  eleTen  hundred 
'*  below  the  sur&oe.  The  inclination  which  it  forms  with  the  horixon  Taries  from 
*'  thirty  to  forty-five  degrees.  *  *  •  A  small  track  of  edge-rails  is  carried  along 
**  the  plane  firom  top  to  bottom ;  and  the  ore  is  drawn  to  the  surfiace  in  a  wrought- 
*'  iron  waggon,  by  the  force  of  a  large  overshot  water-wheel." 

Sneydopadia  Briianniea,  Miiraro,  XT.  (Bighth  Edit.  1858),  pp.  225-6. 

*  *<  Bailways  have  lately  been  used  in  the  levels  of  the  OoH9olidat§d  Jftncf » 
"  PoUUee,  Treskerhy,  Hud  Damael,  and  other  mines,  and  it  is  eetimated  that  the 
**  expense  of  work  performed  by  means  of  rail-carts,  compared  with  that  of  the 
*<  same  work  done  by  wheelbarrows,  is  less  than  one  half." 

Cabnx,  ComwaO  OeoL  Dram.,  m,  p.  65. 
In  the  mines  of  Bhmttjf,  seven  labourers, — of  whom  two  fill  whilst  five  wheel 
the  barrows,— convey  6,400  kilogrammes  of  coal  one  kilometre  in  eight  hours, 
at  a  cost  of  ten  tnxkCB  and  a  half;  or  at  the  rate  of—- 

100  tons  carried  100  Dftthonui  for  £1:4:6. 

CoKBas,  JhiUi  de  VEajMtaHon  dn  Iftnes,  in.  pp.  8, 9. 

The  ordinary  day's  work  of  each  Trammer  on  an  iron  railway  at  BocMa- 

McHiUrt  is  represented  by  8,159  tofwiM  (8,159,000  kilogrammes)  of  eoal  carried 

one  mdtre ;  5  hectolitres  (400  kilogrammes)  are  transported  580  metres,  at  an  ex- 

pense,^be8ide  loading, — of  20*88  centimes ;  a  rate  equivalent  to  the  carriage  of 

100  tons  100  fathoms  for  about  £0  :  19  :  0. 

I5ufy  m.  pp.  12-14. 

Since  tram-waggons  have  replaced  wheelbarrows  underground,  the  same  work 
has  been  accomplished  at  about  one-fifth  of  its  previous  expense. 

Captaik  Niohoxjls  YivzAir,  MSS.  (1880). 
The  following  eolumns  show  the  cost  of  conveying  one  hundred  tons  one 
hundred  fathoms, — as  well  by  wheelbarrow  as  by  tram-waggon,-^in  difiereot 
parts  of  Cornwall  and  Devon. 

Mine.  Wheelbarrow.  Trsm-waggon.  Authority. 

COBHWALL. 

Wheal  Clifford £17    0  0  . .  £7  10  0— Capt.  Johk  Richabm,  MSS. 

North  Boekear 5  15  4..     1    8  1— Caft.  Josbph  Yitian,     „ 

Protidence  Minee 5    0  0..     17  1— Samubl  Hxoos,  Ssq.,      fi 

South  Wheal  Croftif    ..      4  12  4  ..     1    8  5— Capt.  Wm. RtrrTBB,         >t 

Dsvoir. 

Wheal  Friendih^ 8    6   8..     2  12   6  )  ,««  ifAw»««.  Waa.      .. 

OtherMinesnearTavistock  7  10  0  ..    2  10  0  J  Joe.  Matthews,  Eso.      „ 

The  same  work  is  therefore  accomplished  by  tram-waggons  at  (between  one- 
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In  Chanarcillo,  on  the  contrary,  the  few  horizontal 
portions  of  the  works, —  presenting  still  the  ra^ed 
sur&ces  left  by  blasting, — occur  at  such  different  depths 
that  they  are  quite  unsuited,  either  to  wheelbarrows  or 
railways;  nor,  in  fiact,  is  one  or  other  used  underground 
in  the  district*  Attempts  to  introduce  the  windlass 
were  immediately  forbidden  by  native  mine-owners.t 

The  system  of  shafts,  galleries  (leveh),  and  winzes^ 
by  which  lodes  are  now:|;  laid  open  elsewhere  (PL  HI. 

SIth  obd  iwo-fifthi)  about  one-tliird  of  tlie  rate  paid  whon  wbMlbarrowa  are 


At  Wheal  Cmfiard^ — ^where  the  temperaturee  of  different  UvtU  (galleries) 
range  from  80*  to  100**, — men  are  miwilling^many  indeed  are  nnable^-to  under- 
take, OTon  for  enormooaly  high  wages,  the  labour  they  readily  and  cheaply  perform 
in  other— shallower— -mines,  in  whieh  the  heat  aTerages  less  than  65*,  and  sel- 
dom  reaehes  70*. 

e  «  xhe  enormous  expenses  of  transport  would  be  perhaps  diminished  more 
<*  than  two-thirds,  if  the  works  communicated  with  one  another  by  galleries 
**  adapted  for  oonTeyanoe  by  wheel-barrows  and  tram-roads.  Well  eontrlTed 
*'  operations  would  faciUtate  the  extraction  of  minerals  and  the  circulation  of 
**  air ;  and  the  men  employed  in  carrying  ore  might  be  employed  in  a  manner 
"  noie  adTantageons  to  society,  and  less  hurtftil  to  the  health  of  the  indiyiduaL" 
HuxBOLDT,  Poliiieal  Buoy  on  (he  Kingdom  of  Nmo  Spom^  zii.  p.  240. 

t  Sereral  ivmssf  (AnU,  p.  58,  Note{)  opened  and  fitted  with  windlasses  and 
buckets,  by  the  English  Superintendent  (AnU,  p.  128,  Notef),  for  raising  ore 
from  the  deeper  parts  of  Colorada  and  DeMmjMiio  {PL  //.),  were  dinnantled, 
because  the  native  proprietors  preferred  the  ancient  Chilian  mode  of  oouTeyance  f 
—in  bags  on  the  backs  of  their  (apim)  workmen. 

X  Whilst  the  miner's  works  were  extended  so  far  only  as  ore  was  visible,  he 
extracted  all  within  reach  as  quickly  as  possible ;  and, — ^haTing  no  gufde  to 
diaooTery,— then  abandoned  his  mine.  But  when  it  was  ascertained  that  the 
earthy  constitnents  of  richer  were  essentially  different  from  those  in  poorer 
parts  of  jcnIm,  and  that  the  rocks  adjoining  them  presented  also  each  its  peculiar 
character ;  he — ^limited  no  longer  to  the  capricious  meanderings  of  their  metallic 
ingredients  alone — ^now  pursued  his  search,  amongst  congenial  earthy  parts  of 
the  HodlM  with  which  the  ores  were  associated,  by  means  of  horixontal  galleries 
figvebjs  and  thus,  by  a  straighter,  ^  and  therefore  a  shorter  and  cheaper, 
— eourse  attained  his  object  more  quickly,  and  opened,  at  the  same  time,  passages 
raitable  for  either  wheel-barrows  or  tram-roads. 

That  the  present  systematic  mode  of  opening  mines  originated  in  this  manner 
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fig.  2,  3),  is  not  yet  appreciated  in  Chili,  where  they 
are  explored  by  means  of  (Chiffhnes)  pits  sunk  ob- 
liquely at  angles  seldom  more  than  60^  or  less  than 
40%  and  averaging  about  50^  from  the  horizon.  These, 
— extended,  downward  and  alternately  towards  oppo- 
site points,  for  distances  and  at  inclinations  determined 
in  each  case  by  the  richnesss,  hardness,  or  other  pecu- 
liarity of  the  lodcj — form  irregular  zig-zags;  more 
easily  to  be  understood  from  an  inspection  of  (PL  II.) 
the  section  than  from  any  verbal  description.  As 
there  are  no  ladders  in  the  shafts,  the  chifflones  are  the 
only  means  of  access  to  the  works,  as  well  as  the  only 
passages  through  which  ore  is  conveyed  to  the  shafts 
from  distant  recesses  and  depths  beyond  the  reach  of 
horse-power.  The  Chilian  mine-owner  declines  every 
prospective  advantage,  purchased  by  the  smallest  present 
outlay,  the  floors  therefore  consist,  for  the  most  part, 
merely  of  ragged  ledges  fortuitously  left  when  the 
passages  were  first  opened ;  where  the  surface  affords  no 
foot-hold,  a  step  is  cut  here  and  there ;  and,  when  the 


seems  unqaeetionable.  Traoes  of  U  oeonr  in  works  eseouted  at  (Dohoaih) 
Bttilen  Garden  (Fryce,  Mmmralo^  ContMmui$t  pp.  170—181.  FU  IV.)  M 
early  as  1778.  But  when,  where,  or  by  whom  the  change  was  made,— if  indeed 
it  were  entirely  accomplished  in  any  one  mine, — thero  are  now  no  m^uii  ot 
ascertaining, 

<' When  VakotUh,  which  had  been  closed  in  1786,  was  reopened  in  X800, 1 
M  found  that  the  great  mass  of  copper*ore  it  formerly  yielded  had  been  wrought 
«*  by  boiUmhiUpei  (Pryce,  MwemL  Conwh,  p.  161).  Beyond  these  the  Ms,— 
*<  explored  to  considerable  distances  in  seteral  kieh  and  iMnxsff,«-aflbrded  ore 
« in  many  places,  which  were  generally  worked  by  hackttopn  (Ciume,  Ccmnoil 
GeoL  TroM,,  uz.  p.  70)."— John  ByLB,  Eaa,,  M8S, 

But  notwithstanding  the  system  of  kveU^  tmnsst,  and  hach-Hopea  prerailed  in 
every  other  part  of  Cornwall,  bcHcm'9iope»  were  wrought  until  1816  iu  Wke^ 
Alfred  (Came,  Cormoatt  QeoL  IVons..  m.  p.  69),  and  1840  in  Wk*^'  ^-^ 
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chifflanes  are  more  than  commonly  steep,  trees  notched 
at  the  sides  serve  instead  of  ladders,  Over  such  steps, 
worn  by  many  weary  feet, — lighted  by  a  small  lamp, 
hung  in  gymbals  at  one  end  of  a  stick  that  it  may  be 
brought  near  the  floor, —  the  labourer  (apire)  carries 
nearly  two  hundred  pounds  weight  of  ore  in  a  leathern 
bag  on  his  shoulders  ;*  aided  sometimes  by  a  rail  along 


*  ^  Tlitt  In^an  tmaiUro^  who  may  bo  oonaldored  u  the  boasts  of  barden  In  tho 
^  mSaes  of  Mozioo,  remain  loaded  with  a  weight  of  from  242  to  877  pounds  for 
**!  tpaoe  of  six  hours.  In  the  galleries  of  Vaimcitma  and  Ba^fOi^  thej  are  ez- 
"  posed  to  a  temperature  of  from  71**  to  7r* }  end  during  this  time  they  ascend 
"  and  deseend  sereral  thousands  of  steps  in  pits  of  an  inclination  of  45^  These 
**  imeUro$  tntf  the  minerals  In  bags  (eoftolst)  made  of  thread ;  and  to  prerent 
"  their  shoulders  from  bebig  hurt  (for  the  miners  are  generally  naked  to  the 
**  middle),  they  place  a  woollen  oorering  (fiitada)  under  this  bag.  We  meet  in 
"  the  mhiee  with  ftlee  of  flfty  or  sixty  of  these  portersi  among  whom  there  are 
"  men  abore  sixty  and  boys  of  ten  or  twelre  years  of  age.  •  •  •  Where  the 
"  principal  passagee  unite,  two  persons  {d$»paehadore$)^  proTided  with  balances, 
'*  ksep  a  book  containing  the  names  of  all  the  {tmaUro$)  porters.  Persons 
**  stationed  near  the  scales  Judge  the  weight  of  each  man's  load  by  lifting  it.  If 
'*the  carrier  belietes  his  load  lighter  than  the  deapaehador  he  says  nothing, 
'*  because  the  error  Is  In  his  farour ;  but,  on  the  other  hand.  If  he  belieree  It 
*'liMTler  than  it  Is  estimated,  he  demands  that  it  shall  be  weighed,  and  the 
**  weight  thus  determined  is  entered  on  the  book  of  the  de$paehador**'-^ 

HuMBOuff,  PoHtioaiBna^QnthBKwgd€mftf  Nmo  Sptm^  xii.pp.  2dS-9, 248-9. 

"  The  surfrice  of  the  strata  in  the  mine,  fortunately,  was  irregulsr ;  but  so 
*'wom  by  the  miners'  feet,  when  bearing  their  loads  upward,  and  so  much 
**  polished  by  their  sliding  down  again,  that  we  found  It  no  easy  task  to  arold 
**  slipping  at  once  from  the  top  to  the  bottom," — 

Hall,  Journal  wriUm  on  the  coasU  of  ChiU^  Peru,  and  Mesnco,  zi.  p.  80. 

**  The  apIre  takee  his  load  part  of  the  way  by  a  steep  passage,  but  the  greater 
**  part  up  notched  poles,  placed  in  a  sigsag  line  up  the  shaft.  According  to  the 
"  general  regulation,  he  is  not  allowed  to  halt  for  breath,  except  the  mine  is  six 
"hundred  feet  deep.  The  arerage  load  is  considered  rather  more  than  200 
**  poosds,  and  I  haye  been  assured  that  one  of  800  pounds  by  way  of  a  trial  has 
"  been  brought  up  from  the  deepest  mine.  At  this  time  the  spires  were  bringing 
"  up  the  usual  load  twelTo  timee  in  the  day ;  that  is,  2,400  pounds  from  eighty 
"  yards  deep ;  and  they  were  employed  in  the  interrals  in  breaking  and  picking 
«  ore."— Dabwiv,  Jomnal  of  Ruearehu  into  the  Naiwal  Hietory  and  QoeHo^ 
rftkeComUriea  vieited  dmin^  tMe  Voyage  of  E,M,S.  Beagh  roimd  ike  World 
(2&d  Sdit),  p,  340. 
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the  precipitous  edges  of  ancient  woriLS,  or  by  a  strip 
of  hide  listened  to  a  peg  in  the  rock,  when  his  path  is 
steeper  or  less  practicable  than  usual. 

The  operations  of  crushing  and  cleaning  (dressing) 
the  ore,  —  elsewhere  cheaply  accomplished  by  ma- 
chinery, are,  at  great  expense,  performed  in  Chanarcillo 
by  hand;  enormous  quantities, — ^too  poor  to  defiray 
this  additional  cost, — are  therefore  either  left  unbroken 
in  the  mines  or  rejected  when  brought  to  the  surface, 
which  might  have  been  wrought  to  advantage  had  the 
district  been  but  ordinarily  supplied  with  water.* 

The  numbers  of  Government  concessions  for  mining 
purposes  (Pertenencia8)y'\^  of  people  employed  on 


**  Snr  U  totaliU  dn  nombre  det  goif  ooevp^t  dADt  le  txvnSL  det  mi&Mf  *  * 
*<  plus  de  deux  dnqaSAmes  se  eompote  de  ekmr^tun  oa  apirmf  e^ett  Mire 
**  d'homaiM  d'nne  f<Hroemiifloal«ire  prodigfeoM,  dimt  !•  tnnil  «t  ftdl  dam  1m 
**  minet  de  raaden  eontinent  par  det  eafiutta,  dee  talaaiix  on  dee  maehiiiee." 

BomnLO,  Atmain  d§$  Mmm,  imb  BMb,  xx.  p.  460. 

*  **  It  it  oompated  that  at  Chafiarofllo  there  are  more  than  800,000  tone  of  ore 
**  piled  in  Immenae  heapt,  hitherto  utelen,  and  oeoapying  the  Talnable  gfonnd  in 
<«  the  vicinity  of  the  mlnee.  The/  are  jndged  to  hare  a  M,  or  per  centage  of 
'*  pure  silrer  of  from  6  marct,  or  48  ounoet,  to  60  marct,  or  400  ovnoet,  to  the 
**  ton,  and  at  pretent  without  any  arailable  meant  whaterer  of  reducing  them. 
«  •  •  •  Thete  hare  been  picked  orer  and  rejected  becauae  not  of  the  richett 
"  ore ;  but  are  left  for  more  leiturely  examination,  when  mule  hire  will  hare  be* 
"come  more  reasonable  and  proTitiont  more  plentiAil.*' — CoLOirsL  Llotd, 
Htport  to  the  Farw^  Ojfiee  on  the  Minst  of  Cqgiap^  (London,  1867),  p«  14. 

In  May,  1867,  two  experienced  Birectort  of  the  largett  minet  in  ChafiareiUo 
carefully  examined  all  ore  lying  rejected  on  the  turface  at  Colorada  and  Duem' 
P^;  when  one-third  of  it  was  found  to  afford  61  (Troy)  ounoet  (0-00166  itt 
weight)  of  tilrer  per  ( AToirdupoit)  ton  of  ore ;  the  other  two-thirdt,— oontitting 
of  earthy  and  ttony  matter  only, — were  worthlett. 

t  "For  el  artieulo  2°  titulo  8*" de  la Ordenann  de  Mineria,  te  ooaeeden  atodo 
**  peticionario  200  yarat  meditat  a  nival  por  el  hilo,  direcelon  o  rmnbo  de  la 
«<  veta."-*JfiNMori(i  ^ue  el  IfUendenUde  la  Provmeia  tk  Akuamapire^mtaoiSaor 
d$  Bttado  (Copiapi^,  1863),  p.  127. 
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them,  and  their  produce  at  different  periods,   have 
been, — 

Ko  of  ^®'  ®'  ^'® 

^  Penenencia..     ,P--  -t^-*^ 

1842 8S»  ....    745*  ....  100800* 

1881 115t  ..••  lW7t  ....  8062-76t 

2 —    ....    —      6386-38t 

S— {first  8ix  months).  161|   ....  2911t 4015*28t 


*  The  following  abetraet  of  Ooreniment  rcoordi  affordi  a  Tiew  of  proeeedings 
«ft  ChmfiarcUto  daring  tho  yoar. 


MINBB                  1 

PBBSOirS                                       I 

1843 

Prodae- 
Ute 

Uopio- 
doetiTe 

Total 

Oflwsvs 

Mlrnn 

Laboar- 

SmlUii 

Water- 
earrien 

Total 

On 

eztractad 

Jib... 

14 

62 

76 

106 

241 

291 

6 

81 

675 

Tons 
76- 

Feb.  .  • 

12 

64 

76 

106 

257 

828 

6 

86 

728 

82-2 

Mar.    . 

11 

70 

81 

110 

266 

816 

6 

41 

739 

681 

April  . 

18 

75 

88 

113 

284 

889 

8 

42 

785 

61*8 

May.  . 

12 

72 

84 

118 

270 

804 

7 

88 

787 

91-1 

June   . 

18 

68 

81 

121 

271 

824 

6 

87 

759 

9205 

July.. 

16 

69 

84 

126 

277 

806 

10 

40 

759 

85-95 

Anff.    • 

12 

82 

94 

181 

278 

821 

6 

41 

778 

84*2 

Sept.   . 

14 

77 

91 

134 

273 

882 

6 

38 

788 

89-85 

Oct.  •  . 
Nov. . . 

18 
14 

66 
67 

84 
81 

134 
129 

274 
256 

837 
816 

7 

9 

87 

38 

789 1 
735  1 

208-6 

Dec.  < 

12 

•  a 

64 

}"{ 

89 
79 

70 
158 

97 

188 

2 

6 

11 
27 

219 1 

453  j 

168*15 

1108* 

DoiOTKOy  Afmakt  det  Mines,  4me  S4rie,  ix.  p.  459. 

t  Report  to  ths  Fonign  OJke  on  the  Minei  of  Copiapd,  p.  160. 

{  Mimona  fue  si  InimdmU  do  Ataeamapmenia  al  SeSwr  Minittro  do  Sttodo, 
p.  Ul. 
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Many  of  these  ( Perteneneias)  tracts  adjoin  the 
principal  mines/  and  are  traversed  by  their  lades  and 
branches ;  but  from  the  cost  of  operations  necessary  to 
continued  possession,  and  the  inadequacy  of  their 
returns,  numbers  of  them  are  abandoned  within  one 

year.f 

(&.)  From  1842  to  1853  the  mining  population 
continued  to  increase;  but  in  1857  it  had  already 
materially  diminished. 

Throughout  the  rich,  but  barren,  mining  districts  of 
Atacama  officers  and  workmen  would  often  want  alike 
the  common  necessaries  of  life  if  they  were  dependent 
on  such  casual  supplies  only  as  hawkers  would  bring 
on  the  chance  of  finding  individual  customers.  The 
proprietors  of  mines  are  therefore  obliged  to  procure 
from  a  distance  food  and  water  for  all  their  people. 
The  monthly  cost  of  rations  averaged  at  Colorada 
(Table  V.)^  during  1856,  about  one  pound  and  twelve 
shillings  per  man. 

The  rates  of  wages  mentioned  by  M.  Domeyko  X  in 

•  AnU,  pp.  128-4. 

fThe  mining  priTileges  officially  oonceded  and  ralinqnished  in  the  tSXfvt 
region  of  Copiopd  only,  nombered  in  two  years,— - 

1861.  18M. 

Conceftions..... 812  •.•••.•• 767. 

Belinqniihmants    ......  178 892. 

Mtmofia  M  IniemUnU  de  Aiaeama,  p.  101. 
{  «  Tont  eat  tellement  eber  k  Chafuureillo,  qne  lea  flraii  d'exploitation  y  montent 
<*  k  70  et  76  piaatrea  "  (14  ou  15  £)  «  par  moia,  par  chaqne  hairrttero  (e'eet- 
«  a-4ire  par  ehaque  piqueur  on  barreiero,  et  le  chargenr  qni  lui  oorrespond,  y 
' '  eompria  I'eaa,  la  poudre,  la  anrreiUance  de  la  mine,  etc.).  n  en  r^tnlte  qn'ayant 
«  en  260  barreteroa  dana  le  mines  de  Chafiarcillo  en  1842,  lea  fraia  gMnuK 
«  d'exploitation  ont  dt  monter  cette  ann^  iL  260  )C  76  X  12  »  280,000  piastres 
**  par  an.  Bn  y  ajoutant:  1**  le  aorplua  de  elLargenra  {apir«$)  dont  le  nombre 
**  exc^dait  celui  de  barreteroa  de  66  et  qui  deyaient  oo(lter  12  x  66  x  ^^  *" 
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1842,  and  Colonel  Lloyd*  in  ISSl-S,  are  neither 
leconcilable  with  one  another,  nor  with  those  paid, 
workmen  of  the  same  classes,  at  Colorada,  in  1856 
(Table  V.). 

The  (apire)  labourer, — generally  of  native  Indian, 
but  sometimes  of  African,  extraction, — who  accom- 
panies every  (barretero)  miner,  aids  in  culling  the 
ore  and  afterwards  carries  it  to  a  shaft  or  the  surfece 
on  his  back. 

The  Chilian  miner, — using  a  hammer  with  one 
hand  and  his  borer  with  the  other, — himself  f  bores 

'*  14y784  piastres ;  T  enTiron  20,000  piastres  en  frais  extraordinaires,  machines, 
**  etc.    On  obtient  pom  frais  gln^raux  d'ezploitation  268,784  piastres." 

BoMXTXO,  AnnakB  dea  Minet,  4me  S^rie,  ix.  p.  461. 


«       <«  Bbscttbbzdoba  Mxnb. 

Per  month. 
1  Administrador £60 

1  Aoeonntant  ••••••••.•••••••  20 

36  ICayordomos  and  Watchers,  )  ot^ 

from£4  0  0  to  £10  0  0 each)  ^^^ 

70  ICners,  English,  % 

£9  0  Oto£10  0  0    >i    I  290 
NattTC,                        I 
280   to    380    „  ) 

60PeonB 3  00    „  150 

60Laboiirers......    2  6  8    ,|  140 

3  Blacksmiths  ...»  10  0  0    „  30 

2  Carpenters    ••••  10  0  0    „  20 
TSerrants 2  11  5    „  18 


Iiabonralonei  per  month....  £944 


**  Saltadoaa  Hixb, 

belonging  to  Chileans ;  administered  by 
a  Cornish  Captain. 

Per  month. 

Administrador  ...•••  £21    0    0 


4  Mayordomos 


••  •  •  • 


29    8    0 


71  Miners  ft  Labourers, 
of  whom  10  were 
English 225  12 


Ratlon8,materials,  coal, 
general  disbursements, 
and  carriage  ..•«...•    109  16 


Total,  per  montlk  ..  £386  16    0 


Llotd,  Report  to  the  Foreign  OJftce  on  the  Minee  of  Cqpiapd,  pp.  18,  19. 

t  Saint  Just  is  now  the  only  part  of  Cornwall  in  which,  as  in  Chili,  the  hole 
for  blasting  is  bored  by  a  single  workman. 

A  A 
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the  holes  for  blasting ;  but  at  times  he  is  relieved  by 
his  assistant,  who  handles  the  boring*tools,  whilst  he 
gleans  the  ore. 

When  the  Comishman  is  not  engaged  in  directing 
other  workmen,  he  is  employed  in  sinking  shafts  or  on 
some  other  special  work  requiring  skill  and  expedition. 
Less  independent,  however,  than  the  native  miner,  he 
needs  the  aid  of  a  comrade  *  in  boring  his  hole ;  each 
in  turn, — as  usual  in  Cornish  mines, — guiding  the 

« 

borer  and  striking  it  with  a  heavy  two-handed  mallet. 
But  though  the  Cornishman  uses  less  gunpowder,  his 
day's  work  is  nearly  one-third  greater  than  that  of  the 
native  miner. 


(c.)  The  quantities  of  silver  produced  f  and 
silver-ore  exported  :|:  from  the  department  of  Gopiap5, 
between  1830  and  1853,  are  shown  in  the  following 
columns. : — 


•  The  Coniish  miner^ezpert  at  the  me  of  pick  mnd  pwf  (wedge), — ^widens 
the  joints, — picke  thin  slices  from  between  their  smooth,  hard  sides, — and  opens 
erery  softer  seam  of  rock.  Baring  thus  destroyed  the  support  afforded  by 
natorsl  structure,  he  so  places  his  hole  that  iu  blast  shall  act  at  the  greatest 
adyantage  on  those  parts  which  now  offer  least  resistanoe ;  and  if  two  holes  be 
necessary,  their  explosions  are  so  timed  that  the  first  shall  make  way  for  the 
second.  The  charge  also  is  adjusted  merely  to  rend,  without  displacing  the 
rock;  so  that  its  pieces  may  be  afterwards  remored  by  aid  of  pick  and  sledge 
only. 

As  the  native  miner  is  imskUled  in  using  the  pick,  he  requires  more  powder 
than  the  Comishman  to  do  the  same  work. 

t  Memoria  del  InUndente  de  AtaeamOf  p.  122. 

t  Ibid,  pp.  118,  114, 122. 
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SUrer  prodaoed. 

lta.(T»oy).» 

Silver-ore  exported. 

Tean. 

Or«. 

Tom  (AToMopoto). 

Official  estimate  of 

SilYer  therein. 

llM.  (Troy). 

1890    .... 

1 

2    .... 

3 

4     .... 

6 

6     .... 

7 

6     .... 

9 
1840     .... 

1 

2     .... 

3 

4     .... 

6 

6     .... 

7 

8     .... 

9 
1850     .... 

1 

2     .... 

3 
(4  montihs)^ 

4,104-6 
8.6»6-6 

20,202-lt 

58,034-2 

61,027-3 

52,209-8 

10,604-9 

36,028-4 

39,2130 

63,961-6 

11,8650 

60,614-4 

61,063-3 

42,656-2 

76,814-3 

94,6860 

99,114-2 

126,811-3 

160,946-8 

210,958-6 

238,561-6 

218,034-6 

243,908-9 

I           72,4080 

2,725-86 

4,818-53 

2,032-84 

• 

113,646-4 
200395-1 

84,753-5 

lbs.  2,036,424-7 

tons  9,577-23 

lb8.399;29501 

-y- 


Total  produce  of  SUver  in  twenty-]  ,,     «  .04  710.7 
three  years  and  four  months  ...)  ^^  -^iW^i'^ii  /. 

*  Mtmana  M  IntendmtB  de  Ataeama,  p.  122. 

t  Silver  was  first  found  at  ChafiareiUo  in  188U2  fAnU,  p.  69). 

X  The  account  of  exports  relates  to  four  months  onlj;  but  the  mining  returns 
include  half  the  year  1863.    Memoria  del  IntendenU  de  Aiaoama^  pp.  121-2. 

§  Between  1st  Jan.  1861,  and  30th  June  1863,  the  department  of  Copiapd  yield- 
ed 19,335*8  tons  of  silver-ore ;  of  which — 

Chafiarcillo  afforded  14,364*41  tons,  or  the  0  7429  part 


Tres  Puntas 
San  Antonio 
Boaero 
Sacramento 


it 


8,814*25 
518*66 
841-84 
301-64 


» 


ft 

9% 
II 


0*1973  „ 

0*0266  „ 

00176  „ 

0*0166  „ 


Total....   19,335*8    tons. 


Ihid,  p.  121. 
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Notices  of  Copper-Mines  near  CopiAPb,  in  Chiu. 

The  copper-deposits  of  Copiapo*  occur  in  felspathic, 
quartzose,  and  hornblendic  rocks,  which, — commonly 
lamellar  but  sometimes  massive, — form  high  craggy 
hills  on  either  side  of  the  valley.t  Beyond  these  the 
rocks  north  and  south  are  in  great  measure  overspread 
with  sand,:t^  much  of  which  is  unconsolidated.  In  one 
spot  at  least, — el  Bramador§  near  Toledo, — ^loud  noises 
may  sometimes  be  heard  when  large  quantities  of  it 
are  drifting  ||  before  heavy  gales. 


*  Heaps  of  wood-ashes  and  copper-slag  mark  the  sites  of  many  ancient  amelt- 
ing-works  in  the  Talley  of  Copiapd. 

When  copper  was  first  discoTered  at  la  Margueia, — the  most  ancient  mine  in 
Yallenar, — is  now  unknown ;  but  el  Cobre  and  Larrxuma,  in  the  same  depart- 
ment, were  wrought  during  the  year  1700 ;  and  other  copper-mines  were  opened 
there  soon  after* — Memoria  del  Iniendente  de  Ataeama,  p.  11. 

t  Domeyko,  Atmalee  dee  Minee,  4me  S^rie,  ix.  pp.  366,  374. 

i  Hall,  Journal  tcritleti  on  the  CoatU  of  ChiU^  Peru,  and  Mexieo,  in  the  jfear9 
1820,-21,-€WMi  22,  II.  p.  21  (Ante,  p.  139,  Note).  Domeyko,  Annalee  dee  Minee^ 
4me  S^rie,  iz.  p.  365. 

{ *<  I  heard  an  account  *  *  *  of  a  hill  in  the  neighbourhood  •  •  «  called 
«<  <  £1  Brenador,'— the  roarer  or  bellower ;  *  *  *  as  far  as  I  understood  it  was 
*'  coTered  by  sand,  and  the  noise  was  produced  only  when  people,  by  ascending 
*'  it  put  the  sand  in  motion." — Dabwim,  Oeology  and  Natural  Hietary  of  the 
Countriee  vieitedhy  H,M,S,  Beagle  (2nd  Edit.),  p,  361. 

▲t  Beg  Buwan,  in  Cabool,  **  hollow  sounds,  such  as  would  be  produced  by  a 
"  large  drum,  are  heard  when  the  sand  is  set  in  motion." 

Bu&NBB,  Pereonal  Narrailwe  of  a  Joumejf  to  and  Eeeidenoe  in  Cabool,  p.  157- 
£din.  New  Phil,  Journal,  xxzni.  p.  204. 

II  "  At  Makous  in  Arabia  Petrea  *  *  *  a  bare  mountain  composed  of  hard 
**  sandstone  e  *  •  presents  on  two  sides  surfaces  so  inclined  that  the  white 
*<  and  slightly  adhering  sand  which  coTcrs  it  scarcely  supports  itself,  and  slides 
**  down  with  the  smallest  motion ;  or  when  the  burning  rays  of  the  sun  destroys 
**  its  feeble  cohesion.  These  sandy  decUvities  are  about  150  feet  high.  *  •  • 
<'  I  climbed  with  difficulty  soTenty  or  eighty  feet,  *  *  •  and  in  oUmbing  heard 
**  the  sound  beneath  my  feet,  which  made  me  think  the  sliding  of  the  sand  was 
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About  three  miles  from  Baranquilla,  on  the  coast,  a 
low  but  steep  escarpment  presents  several  nearly  hori- 
zontal beds  of  recently  formed  sandstone;  which — 
pierced  here  and  there  by  dark  homblendic  crags — 
extend  several  miles  inland,  as  far  as  Copiap6  valley 
below  Monte  Amargo.  This  sandstone  is  traversed 
by  an  infinite  number  of  small  irregular  joints ;  and 
wherever  these  occur, — harder  perhaps  than  elsewhere, 
— it  rises  slightly  above  the  general  level. 

At  about  three  hundred  feet  above  the  sea  some 
beds  of  this  highly  calcareous  sandstone  enclose  near 
Quehrada  Seca  considerable  quantities  of  broken  and 
ill-preserved  shellsi* 

Near  Caldera,  in  a  railway-cutting  one  hundred 
and  eighty  feet  above  high-water  mark,  large  tracts  of 
loose  sand  J  several  feet  in  depth,  contain  tolerably 
perfect  shells  in  such  enormous  abundance,  that  they 
not  only  furnish  lime,t  to  the  whole  neighbourhood, 
but  are  shipped  to  Coquirabo,  Valparaiso,  and  other 


'<  the  cMise  and  not  the  effect  e  e  «  I  therefore  slid  down  as  fast  as  I  eonld,  and 
*'  endeaYonred  with  the  help  of  my  hands  and  feet  to  set  the  sand  in  motion. 
*'  This  prodaced  an  effect  so  great,  and  the  sand  in  rolling  under  me  made  so 
*•  loud  a  noise,  that  the  earth  seemed  to  tremble.  *  *  *  It  appeared  to  me  to 
*<  hare  the  greatest  analogy  to  the  humming-top ;  but  rose  and  fell  like  the  sound 
"  of  an  Eolian  harp."— Sutzbn  (Monatliche  Correspondensi  Oct.  1812,  p.  898), 
Edinburgh  Journal  of  Science,  Tii.  (1827)  pp.  51-8. 

The  same  phenomena  are  described  by  Mr.  Gray. — Daubeny,  Deeeription  of 
Active  and  ExUnet  Voioanoea,  p.  437.   Edinburgh  Journal  of  Science,  ti.  p.  154. 

*  In  sereral  eztensire,  leTcl,  and  horisontal  beds  of  shellSi  eleyated  from  60 
to  230  feet  abore  the  sea  near  Valparaiso,  the  state  of  decomposition  has  an 
erident  relation  to  the  comparative  height  at  which  they  are  found. — ^Da&win, 
Proeeedinge  </  the  Qeohgieal  Society  (Abridged),  ii.  (1837)  p.  447. 

t  '*  At  Quintero  near  Valparaiso  the  sand  contains  beds  of  shells  in  a  semi- 
"  fossil  state,  which  are  burnt  by  the  natiTcs  for  Ume." 

CuMiKO,  OeoL  TVoiM.,  2nd  Series,  y.  p.  265. 
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ports,  with  a  like  object.  The  same  beds,  in  some  parts 
so  full  of  shells,  are  in  others  made  up  almost  wholly 
of  gravel,  pebbles,  shingle,  and  fragments  of  rock 
which  have  been  bored  by  marine  animab. 

Specimens  from  each  of  these  deposits  *  were 
obligingly  examined  by  Robert  Etheridge,  Esq., 
F.R.S.E.;  RG.S.;  of  the  Ordnance  Geological  Survey, 
who  observes ; — 

^  The  shells  fix>m  Qiubrada  Seca  are  so  rounded  and  worn  that  it 
<<  is  almost  impossible  to  determine  their  generic  much  less  their 
''  specific  characters.  Those  fix>m  Caldera  appear  to  be  more  modem 
"  and  are  better  preserved.    I  find  amongst  them  the  following  ;— 

QUEBRADA  SeOA.  CaLDERA. 

(^0  feet  aboTe  the  sea)        (180  feet  abore  the  sea) 
Panopea.  DonodUa  donacmum. 

Venus.  Venus. 

CrassaUlla.  TutlnneUa. 

Isocardia,  OUva  Peruviana. 

Bakmus,  Turritella. 

PwrpvrtL 

Peden. 

Mactra  Btfnmensis. 

SalanuSm 

An  argillaceous  rock,  bored  by  Phohs 
or  Lithodomus, 

*'  They  are  of  species  which  appear  to  be  now  living  in  the  CSiilian 

''  and  Peruvian  provinces, — are  entirely  marinei — and  undoubtedly 

''  come  from  raised-beaches  along  the  coast.** 

The  beds  of  shells  and  their  equivalents,  perhaps, 
mark,  and  their  depth  may  be  in  proportion  to,  the 
intervals  of  repose;    the  sand, —  almost  destitute  of 

•  All  these  haye  been  placed  in  the  Moseum  of  Practical  Geology  ( Jm&jn 
Street,  London). 
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shells, — ^was,  on  the  other  hand,  probably  deposited 
during  periods  of  elevation. 

The  frequency  of  earthquakes,  and  the  terrific  effects 
they  have  often  produced,  on  the  coast  of  Chili  are 
generally  known.* 

•  De  UUoay  Voyage  to  South  Ameriea,  ii.  p.  267.  Mrs.  (Graham)  Callcott, 
Geologieai  TVansactiona,  2nd  Series,  i.  p.  413.  Letter  to  the  President  and  Mem- 
hert  of  the  Oeologiedl  Society  (London,  1834),  pp.  1-9.  Hall,  Journal  written  on 
the  Coaate  of  Chiii,  Peru,  and  Mexico,  ii.  p.  25.  Sorope,  Contideratione  on 
Voleano§f  pp.  190,  208.  Caldeleugh,  Philoecphical  TVaneactiona,  cxxti.  (1836) 
p.  21.  Proeeedinffeofthe  Geological  Society,  ii.  (1887)  p.  444.  Lyell,  Principles 
of  Geology^  i.  p.  401.  Bakewell,  Introduction  to  Ge6logy  (4th  £dit.)»  p.  98. 
De  la  Beflhe,  Geoiogical  Manual  (3rd  Bdit.),  p.  143.  Greenoagh,  Ptoeeedinya  of 
the  Geohgieal  Society,  ii.  (Presidential  Address,  1834)  p.  56.  Alison,  Ibid,  n. 
(1835)  p.  209.  Darwin,  Ibid,  ii.  (1837)  p.  447.  Geol.  TVoim.,  2nd  Series,  ▼. 
p.  601.  Natural  Hittory  of  the  Countries  tfieited  by  H,M.S.  Beagle  (2nd  Edit.), 
pp.  301>312,  351.  Fits-roy,  Jour,  of  the  Royal  Geogrcgshical  Society,  yi.  p.  319. 
Surveying  Voyage  of  H.M,S.  Adventure  and  Beagle,  ix.  402-418. 

At  8  ajn.  on  the  5th  of  October,  1839,  an  earthquake  destroyed,  in  a  few 
minntes,  within  the  city  of  Copiapd  alone,  property  Talued  at  (£300,000)  one 
million  and  a  half  of  dollars ;  beside  much  more  in  the  neighbourhood.  Its 
effects  were  most  disastrous  along  and  near  the  ralley  which  reaches  from  the 
Cordillera,  through  Fabellon,  Copiapd,  and  BamadiUa,  to  the  ocean;  but — 
diminishing  at  greater  distances  on  both  sides  of  that  line-^they  were  felt,  more 
or  less  sererely,  throughout  Ataeama.  As  far  north  as  the  confines  of  Boliria,— 
ninety  miles,  at  least,  from  the  centre  of  disturbance,— shocks  were  perceived 
twelve  or  fifteen  miles  off  the  shore.  At  Coquimbo— about  the  same  distance 
south,^.on  the  contrary,  they  were  scarcely  noticed. 

During  the  first  shock, — which  lasted  at  least  two  minutes  and  a  half— people 
with  difficulty  saved  themselves  f^om  falling.  Throughout  that  day  and  the 
night  succeeding,  shock  followed  shock  with  scarce  an  intermission ;  and  for 
nearly  a  week  there  were  Ailly  one  per  hour.  In  about  a  fortnight  they  became 
much  less  frequent ;  but  for  four  months  three  or  four  shocks  were  felt  daily. 

A  dull  rumbling  noise  like  thunder,  or  separate  reports  as  of  artillery  at  a 
distance,  often  accompanied  the  shocks ;  but  there  were  also  shoeks  without 
noises,  and  noises  without  shocks.  It  is  not  easy  to  describe  one  phenomenon 
observed  at  Caldera ;  whilst  the  convulsion  was  most  severe ;  which  may,  how- 
ever be  likened  to  a  sudden  concussion  occasioned  by  the  fall  of  an  enormous 
weight  flrom  a  great  height. 

The  first  shock,— beyond  comparison  the  most  severe, — ^passing  from  north- 
east to  south-west,  destroyed  or  irreparably  damaged,  not  only  every  tall  chimney 
ia  the  Mexican  and  South  American  Company's,  Messrs.  Livingstone  ft  Com- 
pany's, and  Messrs.  TagU  &  Company's  copper-smelting  works,— but  also  every 
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Daring  my  brief  stay  in  that  country,  seldom  more 
than  three  days  passed  without  a  shock  One  only  of 
them  was  however  severe  enough  to  dislodge  portions 
of  the  ceiling  in  my  room ;  and  to  show, — ^by  the  way 
in  which  it  tilted  my  bed, — that  its  direction  was  from 
south-west  to  north-east.  Another  was  noticed  both  at 
Copiap6  and  Chanarcillo, — places  more  than  thirty 
miles  apart, — whilst  I  was  underground  in  Colorada  ; 
but  it  was  not  felt  beneath  the  surface.  The  injuries 
occasioned  by  earthquakes,  are,  however,  often  severest 
in  the  shallowest  parts  of  mines. 

That  this  coast  has  been  more  than  once  appreciably 
elevated,  within  the  last  forty  years,  seems  unquestion- 

wall  erected  on  the  deep  beds  of  sand  and  shingle,  east  of  the  harboar.  Bat 
whilst  buildings  parallel  to  its  course  crumbled  into  irregular  heaps,  those  at 
right-angles  to  it  were  simply  laid  flat,  the  bricks  and  moulded  masses  of  copper- 
slag  of  which  they  were  constructed  retaining  their,relative  positions  unchanged. 
South  of  the  harbour,  contrariwise,  the  Copiopd  Company's  stacks  and  smelting- 
houses, — ^founded  on  greenstone, — were  uninjured.  The  natire  huts,  of  wood, 
were  scarcely  moved. 

The  air  was  filled  with  clouds  of  dust,  during  a  moment  of  unnatural  stillness, 
after  the  first  shock. 

At  Caldera  the  sea  gradually  fell,  from  about  quarter  flood,  beyond  the  ordinary 
level  of  low-water,  leaving  vessels  ag^ouf^d  and  boats  dry  on  the  beach ;  then— 
slowly  returning — ^it  rose,  some  nine  feet  and  a  half  perpendicular,  to  the  usual 
high-water  mark;  and  thus  ebbed  and  flowed  six  times  within  an  hour. 

The  affrighted  inhabitants  escaped  to  higher  grounds ;  and  remained  sareial 
days  and  nights  in  the  dreary  desert  of  Atacama. 

Along  the  great  line  of  disturbance  between  Pabellon  and  Caldera  several 
shallow  copper-mines  were  destroyed  and  others  were  much  iigured.  At 
Flamenco  and  Chanaral  on  the  coast  northward  many  were  greatly  damaged. 
In  the  neighbouring  districts  of  Tree  Funtas  and  Chaflarcillo,  on  the  contrary, 
deeper  works  were  but  slightly  affected. 

Near  Caldera  the  coast  seems  to  have  been  permanently  raised;  for  rocks 
which  were  covered  by  the  sea  at  high-water  before  the  earthquake,  are  now  at 
least  a  foot  above  the  highest  tide. 

BiCKAXD  JoHNSTONB,  BsQ,,  M.D.;  and  Jobx  Jos.  Mttabat,  Eso.,  H«H* 
Consul  at  Caldera ;  MSS. 


n 


Copper-Mines  near  Copiapd  in  Chili.         159 

able* ;  but  whether  the  present  positions  of  the  several 
beds  of  shells  t   and  other    marine  remains  whieh 


*Mr8.  (.Ghraham)  Calleott,  Oeol.  Trans,,  2ad  Series,  i.  p.  413.  Caldcleugli, 
PhU,  Trans,  oxxvi.  (1836)  p.  21.  Fitzroy,  Journal  of  the  Royal  Geographical 
Society,  yx.  p.  319.  Survejfinff  Voyagee  of  HM.8,  Adoeniure  and  Beagle,  ii. 
pp.  412,  414.  Darwin,  Oeol.  IVane,,  2iid  Series,  ▼.  p.  601.  Natural  History 
and  Geology  of  the  Countries  visited  by  H.M,S,  Beagle  (2nd  Edit.),  pp.  301-312. 
Ante,  p.  168,  Note. 

t  "  Between  Taleagoana  and  Conception,  witMn  four  or  flye  leagues  from  tlie 
'*  shore  *  *  *  at  a  depth  of  half  or  three  quarters  of  a  yard  beneath  the  surface 
'*  of  the  ground,  is  a  stratum  of  sheUs  of  different  kinds,  two  or  three  toises  in 
« thickness,  and  in  some  places  even  more,  without  any  intermixture  of  earth, 
"  large  sheila  being  joined  together  by  smaller,  and  which  also  fill  the  cavities 
'*  of  the  larger.  From  these  shells  all  the  lime  used  in  building  is  made ;  and 
'*  large  pits  are  dug  in  the  earth  for  taking  out  those  shells,  and  calcining  them. 
«« •  •  •  Quarries  of  the  same  kind  of  shells  are  found  •  •  •  fifty  toises,  •  •  • 
"  and  I  saw  them  myself  at  the  height  of  twenty  toises  above  the  surface  of  the 
*'  sea.  •  *  *  The  various  sorts  of  sheUs  which  compose  these  strata  both  in 
'*  the  plains  and  mountains,  are  the  very  same  with  those  found  in  the  bay  and 
"  neighbouring  places,  *  *  *  at  the  bottom  of  the  sea  in  four,  sixteen,  and  twelve 
*<  fathom  water."-— Db  Ulloa,  Voyage  to  South  America,  pp.  262-4. 

"Several  ancient  lines  of  beaoh,  consisting  of  shingle  mixed  with  shells, 
"  extend  in  a  parallel  direction  to  the  shore,  to  the  height  of  fifty  feet  above  the 
'*  sea." — Mb8.  (0&A.HAX)  Callcott,  Oeol,  TVans.,  2nd  Series,  x.  p.  416. 

**  At  the  month  of  the  Rapel  sixty  miles  south  of  Valparaiso,  dead  barnacles 
"  occur  adhering  to  the  rocks  three  or  four  feet  above  the  highest  tidal  level ; 
"  and  in  the  neighbouring  country  marine  shells  are  scattered  abundantly  to  the 
*'  height  of  about  one  hundred  feet.  Ten  miles  to  the  north,  and  at  an  equal 
**  distance  from  the  sea,  is  the  village  of  Bucalemu,  in  the  neighbourhood  of 
"  which  are  yery  extensive  beds  of  recent  shells.  At  the  bottom  of  the  great 
"valley  of  Maypo,  and  some  mUes  fhlln  the  coast,  marine  shells  of  existing 
'*  species  are  also  numerous ;  and  at  San  Antonio  near  the  northern  point  of 
"that  river,  are  large  quarries  of  shells.  •  *  •  Shells  of  various  kinds,  but  all 
"  similar  and  in  similar  proportional  numbers  to  those  on  the  beach,  form  numer- 
"  ous  beds,  elevated  from  sixty  to  two  hundred  and  thirty  feet  above  the  sea,  along 
"the  bold  gjanitio  ooast  south  of  Valparaiso.  *  *  •  Near  Vifia  del  Mar,  Balani 
"were  discovered  adhering  to  the  stone  about  fourteen  feet  above  high  water; 
"and  in  the  same  neighbourhood  there  is  an  abundance  of  elevated  shells." 

Baewik,  Proceedings  of  the  Geological  Society  (Abridged),  u.  (1837)  pp.  446-7. 

"Near  Coquimbo  five  narrow,  gently  sloping,  fringe-Uke  terraces  rise  one 
"behind  the  other;  which,  where  best  developed,  are  formed  of  shingle.  •  •  • 
"  At  Ouasco,  north  of  Coquimbo,  the  phenomenon  is  displayed  on  a  much  grander 
"  scale.  •  •  •  The  terraces  are  there  much  broader,  and  may  be  called  plains ; 
"  iu  some  parts  there  are  six  of  them,  but  generally  only  five ;  they  run  up  the 
"villey  for  thirty-seven  miles  from  the  ooast.  •  •  •    Shells  of  many  existing 

BB 
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overlie  many  of  the  copper  deposits*  are  the  results  of 
repeated  displacements  by  earthquakes ;  or  may  rather 
be  due  to  a  constantly  progressive  action,t  like  that  by 
which  Scandinavia  still  rises, j:  is  beyond  the  scope  of 
this  enquiry. 

Beneath  a  low  steep  cliff  of  shelly  calcareous  sand- 
stone,§  about  three  miles  from  the  sea  and  three  hundred 


**  ipecies  not  only  lie  on  the  surface  of  the  terraces  at  Coquimbo  (to  a  height  of 
'*  250  feet),  but  are  imbedded  in  a  fHable  calcareous  rock,  which  in  some  places 
"  is  as  much  as  between  twenty  and  thirty  feet  in  thickness,  but  is  of  little 
"  extent.  These  modem  beds  rest  on  an  .ancient  tertiary  formation  containing 
"  shells,  apparently  all  extinct.  *  *  *  I  found  no  regular  strata  containing 
"  sea-shells  of  recent  species,  excepting  at  this  place,  and  at  a  few  points  north- 
'<  ward  on  the  road  to  Guasco. — ^Dabwik,  Natural  History  and  Geology  of  the 
Countries  visited  by  H.M.S,  Beagle  (2nd  Edit.),  p.  343  (Abridged). 
Hall,  Journal  written  on  the  Coasts  of  Chili,  Peru,  and  Mexico,  n.  p.  6. 

*  "  At  Quintero  ^  *  great  beds  of  shells,  which  atand  some  yards  above  the 
"  level  of  the  sea,  are  burnt  for  lime.  The  proofs  of  the  elevation  of  this  whole 
*<  line  of  coast  are  unequivocal ;  at  the  height  of  a  few  hundred  feet  old-looking 
"  shells  are  numerous,  and  I  found  some  at  1300  feet.  These  shells  either  lie 
"  loose  on  the  surface,  or  ar«  imbedded  in  a  reddish-black  vegetable  mould.  I 
"  was  much  surprised  to  find  under  the  microscope  that  this  vegetable  mould  is 
"  really  marine  mud,  full  of  minute  particles  of  organic  bodies." 

Dabwin,  Naturtil  History  and  Geology  of  the  Countries  visited  hy  H,M,S. 
Beagle  (2nd  Edit.),  p.  254. 

"  Near  Caldera  in  Chili  an  ancient  beach  now  a  mile  inland  and  one  hundred 
'*  and  eighty  feet  above  the  sea,  affords  the  same  Diatoms  as  the  present  strand. 
« «  «  •  In  Sirocco-dust  which  fell  at  MalU  Mr.  Ralfs  found  several  Chilian 
"  forms." — J.  Babolat  Mohtoombbt,  Esq.,  M.D.,  Annual  Reports  of  the  Royal 
Cornwall  Polytechnic  Society,  Part  xxy.  (1857),  pp.  45,  47. 

t  Darwin,  Proceedings  of  the  Geological  Society,  ii.  (1837)  p.  448. 

Natural  History  and  Ge<dogy  of  the  Countries  visited  by  H,M,S,  Beagle  (2nd 
Edit.),  pp.  310,-844. 

X  Yon  Buch,  Travels  through  Norway  and  Inland,  pp.  21 7i  386.  LyeU, 
Principles  of  Geology,  ii.  p.  807.  Reports  of  the  British  Association,  m.  (1834) 
p.  652.  PhiL  IVans,,  cxxv.  (1835)  p.  1.  Keilhau,  Edin.  New  Phil.  Journal, 
zz.  p.  425.  Blie  de  Beaumont,  Ibid,  xxy.  p.  301.  Forchhammer,  GeoL  IVans,, 
2nd  Series,  yi.  p.  157.  <iuarterly  Journal  of  the  Geological  Society,  i.  pp.  376, 
879.  Eugene  Robert,  Edin.  New  Phil.  Journal,  xxyiii.  p.  386.  Bohtlingk, 
Ibid,  XXXII.  p.  105.  Milsson,  Quarterly  Journal  of  the  Geological  Society,  Tii. 
Part  ii«  p.  112.— Domeyko,  Annates  des  Mines,  4me  S^rie,  xrv.  pp.  15&-162. 

i  Domeyko,  Annates  des  Mines,  4me  fi6rie,  ix.  p.  366.    Ante,  pp.  155-6 
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ftet  above  its  present  level,  the  mine  of 

QUSBBADA  SSCA. 

is  wrought  in  thickly  foliated  rocks ;  which,  southward, 
are  very  hard  when — sparingly  mixed  at  intervals  with 
small  garnets — quartz  and  hornblende  are  their  chief 
ingredients;  but  are  much  softer,  towards  the  north, 
where  felspar  prevails.*  Calcareous  spar,  plentiful 
throughout  the  district,  is  especially  so  towards  CerillaSj 
an  adjoining  mine,  on  the  north. 

Structural  planes,  common  to  the  whole  formation 
however  varied  its  composition,  approximately  coincide, 
both  in  strike  and  in  dip,  with  the  nearest  metalliferous 
masses.  But  all  these  are  not  strictly  parallel ;  f  for 
the  Vetas  and  the  Guia  (Fig.  1 0,  a,  b)  bear  35°  N.  of  £. 
and  S.  of  W.,  whilst  the  Manto  (c)  takes  a  nearly 
meridional  direction;  their  general  dip  however  is 
aC-SS"  west 

F^.  10.  (Trmtverae  Section.) 


a.  Vila.        ).  Ovia.        e.  Ifimto. 

■  >•  C'Mt  duu  !•■  mauet  granitiqaei  uiocijes  inz  lochst  poiphyritiqiiei  «t 
"  feldipathiquM  eompMtei>  qu'on  eit  encore  an  tiain  d'exploiter  lea  mine*  •  *  * 
"  d«  U  Qoebnd*  See*  et  be»ocanp  d'autcei  du  abtA  dn  Snd." 

DoMSTKO,  ^nttofM  df  Uintt,  Ime  Sitie,  ix.  p.  S67. 

fAMi«,  p.  22. 
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Within,  a  breadth  of  four  fathoms  on  the  west,  Ihree 
(vetas)  veins  (a) — each  from  two  to  ten  inches  wide, 
composed  in  great  measure  of  quartz,  but  containing 
also  earthy  brown  iron-ore,  the  green  carbonate  of 
copper^  copper  pyrites,  and  vitreous  copper-ore, — have 
been  opened  and  abandoned. 

East  of  these,  the  Guia  (6), — sometimes  as  much  as 
three  feet,  but  averaging  about  a  foot  in  width, — also 
consists  for  the  most  part  of  quartz  mixed  with  hom- 
blendic,  calcareous,  and  felspathic  matter ;  and, — in  its 
shallower  parts,  with  earthy  brown  iron-ore.  Small 
lumps  of  native  copper  incrusted  with  red  oxide  of 
copper,  and  coated  with  earthy  black  copper-ore,  are 
sometimes  mixed  with  massive  green  carbonate  of  cop- 
per, in  a  matrix  of  (gossan)  siliceous  brown  iron-ore, 
near  the  surface ;  but  the  principal  produce, — of  black* 
and  green  chrysocoUa,  Atacamite,f  purple  and  vitreous 
copper-ore,  and  copper  pyrites — occurs  in  quartz  and 
felspar  at  greater  depths. 

Still  further  east,  the  Manto  (c), — generally  about 
Bine,  but  enlarging  at  intervals  to  thirty  feet  in  breadth, 
— also  contains  great  quantities  of  quartz,  mixed,  bow- 
ever,  with  earthy  brown  iron-ore  and  ingredients 
common  to  the  adjoining  rocks  far  more  abundantly 
than  in  the  Chiia.     Native  copper  is  invested  by  the 


*  DomeykOi  Atmalet  des  Minet,  4me  S^rie,  XTm.  p.  123. 

t  '*  Atacamite  is  often  produced  when  metallic  copper  or  copper-ores  have  been 
"  exposed  to  the  action  of  the  atmosphere,  or  of  sea-water.*' 

M0H8,  Mineralogy  (translated  by  M.  Haidinoeb),  in.  p.  7^* 
Domeyko,  Annak^  dei  Mina,  8me  86ne,  xyiii.  p.  123. 
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oxide  and  green  carbonate  of  copper,  in  a  matrix  of 
earthy  brown  iron-ore,  granular  quartz,  and  felspar 
clay  near  the  surface ;  whilst  tfae  silicate,  chloride,  and 
sulphurets  of  copper  are  disseminated  through  fel- 
spathic,  quutzoee,  and  faomblendic  matter  below. 

On  either  side,  but  especially  east,  of  the  Guia  (b) 
and  Manto  (c),  several  lai^  lode-^ike  masses  of  vein- 
stone extend  through  the  rock  obliquely  to  its  foliation. 
They  do  not  however  reach  from  one  to  the  other,  or 
mutually  intersect ;  but  become  gradually  less  and  less 
metalliferous, —  slowly  assimilate  to  the  Country  in 
mineral  character, — and  ultimately  disappear.  Smaller 
metalliferous  branches,  without  number, — springing 
from  the  lai^r  ofT-shoots  as  well  as  from  the  Gvia 
and  Manto, — every  where  traverse  the  intermediate 
rock. 

Northward,  where  lime  becomes  a  large  ingredient 
in  the  rock,  the  Guia,  the  Afanto,  and  their  branches, 
— alike  destitute  of  metalliferous  quartz, — are  repre- 
sented by  thin  and  irregular  plates  of  calcareous  spar ; 
merely  tinged  with  the  green  carbonate  of  copper. 

All  works  less  than  fifteen  fathoms  deep  are  open  to 
the  day;  whilst  to  an  equal  depth  beneath  the  whole 
formation  is  irregularly  honeycombed  in  all  directions 
by  the  miners. 

The  deepest  pits  eontein  a  little  water  much  con- 
taminated with  the  sulphate  of  soda  and  other  salts; 
but  the  surface  is  destitute  of  both  vegetation  and 
moisture. 


/ 
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Surrounded  by  high  hilk  of  Band  drifted  from  the 
desert,  though  only  twenty  miles  west-north-west  of 
Copiap6,— the  copi^er-mine  of 

8 AN  JOSS 

has  been  sunk  in  a  fine-grained  massive  crystalline 
rock,  composed  chiefly  of  hornblende  and  quartz; 
with  which  the  carbonate  of  lime  is,  in  some  places, 
largely  mixed. 

Fiff.  11.  Phn. 


Scale  40  fathonu  to  an  inch. 

Two  systems  of  veins,  coinciding  in  direction  with 
as  many  series  of  joints, — bear  respectively 
25^— 30«  S.  of  E.  &  N.  of  W. ;  and 
300—35^  W.  of  N.  &  E.  of  S. 
Owing  to  this  coincidence*  their  sides  (tvallsj  are 
generally  smooth. 

Whatever  their  directions,  they  all  dip  eS^-^TS"*  south- 
west; whilst  the  shoots  of  ore  incline  towards  the 
north-west 

Their  numerous  intersections  are  unattended  by  dis- 
placement (heave) ;  at  and  on  either  side  of  the  contact, 
however,  they  often  enlarge.     But  rich  and  regular  as 


*  Dr.  Boase,  Comwatt  Oeol.  2Vtuw.,  XT.  p.  448 ;  Prtmory  Otology,  p.  179. 
Fox,  Report  of  the  Royal  ComunUl  Polyte^imc  Society  (1836),  p.  89.  De  la 
Beohe,  Report  on  Cornwall,  Devon,  and  West  Somereet,  p.  889.  Henwood, 
r  — r«tt  Geok  Trans.,  v.  pp,  179-112, 259-'»'" 
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some  portions  are,  no  vein  in  San  Josh  has  been  traced 
as  much  as  one  hundred  fathoms  in  any  direction. 

A  few  rich  veins  are  no  more  than  three  or  four  inches 
wide ;  but  generally  they  are  from  two  to  three  feet. 
A  portion  of  the  northernmost  vein  was  indeed  opened 
for  a  breadth  of  from  fifteen  to  eighteen  feet ;  in  this 
place,  however,  it  consisted  of  two  principal  branches 
enclosing  a  mass  (horse)  of  rock,  which  minor  strings 
of  pure  ore  traversed  in  all  directions. 

Their  ingredients — partaking,  as  usual,  the  charac- 
ters of  the  adjoining  rocks — are  chiefly  quartzose  and 
homblendic ;  but  carbonate  of  lime,  often  black,  is  also 
abundant.  Near  the  surface  earthy  brown  iron-ore — 
sometimes  yellowish*  but  mostly  brown — is  largely 
mixed  with  granular  quartz,  and,  less  plentifully,  with 
calcareous  spar;  whilst  the  sides  of  numerous  small 
drusy  cavities  are  studded  with  mamillated  and  botry- 
oidal  masses  of  malachite.  At  greater  depths  lumps 
and  irregular  veins  of  jaspery  iron-ore,  bluish-green 
and  black  chrysocoUa,  Atacamite,  malachite,  and 
vitreous  copper-ore  are  interspersed  through  the  other 

ingredients.! 

Although  the  veins  are  wrought  to  a  depth  of  thirty 
fathoms  without  trace  of  moisture ;  at  less  than  ten 
fathoms  north-east  of  them  a  shaft  sunk  but  five  fathoms 
from  the  surface,  affords  copious  streams  of  pure  water. 


*Anief  TahU  L,  Purim^urd;  Table  11,,  Tilpord. 

t  Near  Tierra  AmarilU  oopper  pyrites  occurs  ia  a  matrix  of  specular  iron-ora 
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Enormous  quantities  of  copper  in  bars,  regains,  and 
ore  are  exported  from  the  northern  parts  of  Chili.* 

In  the  shallower  parts  of  Quebrada   Seca^  San 
Josif  and  other  copper-mines  of  the  neighbourhood, 


*The  mining  priiikges  officially  eonceded  and  reUnqoished  in  the  copper 
dletricU  of  Copiapd,  in  two  years,  numbered 

1851.  1852. 

Coneeasions 89 407; 

Relinquishments 61 128; 

and  one  hundred  and  sixteen  copper*mine8  were  wrought  by  nearly  fourteen 
hundred  workmen. — Memoria  del  Intendenie  de  Atacama,  pp.  101-2. 

"  On  a  eztrai't  de  ces  mines,  dans  les  diz  ann^s,  dupuis  1832  &  1842, 2,000,707 
"  livres  de  cuivre  en  barres,  et  70,000,000  livres  de  mineral  de  cui?re  cm  qu*on 
"  exporta  en  Angleterre,  et  dont  le  lol  moyen  a  M  d'envlron  23  &  25  p.  OKI." 

DoMBTXO,  Annates  dee  Mines,  4me  S^rie,  ix.  p.  370. 

The  quantities  exported,  were  —  in  1850, 


Ports. 

Copper  ia  ban. 
Tont. 

Coppor-rasaluSa 
Tom. 

ComMr-ora. 
Tou. 

Coquimbo  

Huaseo   •••.••• 

Caldera  •• 

4739-54 

548-74 

17-15 

1676-67 
298-65 

886-7la 
1531-95« 
1168-72« 

Total,... 

5305-43 

1975-32 

3587*38 

Coquimbo    • 

Huaseo  and  Caldera  .  • 

Total  ••.. 


in  1852, 
2923-06 
469*84 


3392-90 


2632-54 
2645-86 


5278-40 


7644-57* 
5867-86i» 


18012^48 


and  in  1857, 
From  all  these  ports  ••  1        2167'  I      17910' 


21385*<l 


f# 


"  besides  large  quantities  to  France,  the  United  States,  and  Hamburgh.' 

a  M.  Oasottb,  Freneh  Oontal  Oenonl  In  Chili;  AnnaUt  du  Mkut,  4me  9Mb,  zz.  pp. 84-7. 

*  .        **    ^,  ,       ^       •»  'W*  *»•  SArlo, IT. p. MO. 

c  Mmwfia  ad  InUndmte  de  Ataettma,  p.  114. 

d  ViUeerMd  Iteviem,  it.  (No.  xt.  May  1800)  p.  648. 

The  copper-ores  purchased  at  rarious  establishments  of  the  Mexican  and 
South  American  Company  in  Chill,  during 

1848  ) 

1849  i  ^'o^^^^^ * 26*560  of  copper. 

1850  „    31-302 

1851  „    23-551 

1852  „    13-946 

1853  , 15*619 

and  ayeraged  for  the  whole  period 17*255 

AxJSOK,  Letter  to  the  Mexican  ^  South  American  Co.  (London,  1856),  p.  46. 
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gold*  is  sometimes  mixed  with  ferruginous  quartz; 
but  rarely  in  quantities  sufficient  to  make  it  an  object 
of  special  pursuit. 

Beguliifl  mannfaotared  by  the  same  Company,  in 

1865  contained from  62*4  to  71 '0  of  copper . 

1856        H  »    080  „  67*8        „ 

AuBOir,  LgUer  to  ths  Mexican  ^  aonUh  Ameriean  Co.  (I^ondon^  1856),  pp.  75-6. 

The  dry  method  of  assay  only  is  practiied  in  Cornwall ; — the  wet  alone  in 
ChiU. 

**  The  Chilian  miners  haye  the  reputation  of  being  great  cheats ;  and  the  most 
"  serious  frauds  are  committed  in  the  sale  of  copper  and  siWer  ores  by  bribing 
"  the  samplers ;  and,  the  mode  of  sampling  being  imperfect,  the  frauds  lure  not 
"  detected  if  the  ores  get  into  the  natiTC  frvnaces,  or  until  the  exported  ores 
"  arrive  at  Swansea."— Ufiiveno/  JUfrimo,  it.  (No  xt*,  May,  1860)  p.  640. 

*  "  On  compte  trois  ^poques  dans  I'histoire  de  rindnstrle  min^rale  de  Copiapft. 
"  D'abordy  dn  temps  des  premiers  conqu^rants  et  sous  le  regime  colonial  espagnol, 
^  on  n'y  tnTaillait  que  des  mines  d*or.  n  parait  qu'on  a^ait  trouT^  des  quan- 
« tit^  tmmenses  de  ee  m^tal  anx  affleurements  des  fllons,  Seoondemeat,  Ten  la 
« fin  du  dernier  sidcle,  repuisement  des  principauz  filons  aurifdres,  ou  plutAt 
"  l*appauTrisscment  des  minerals  dans  la  profondeur  (fait  gtfn^ralement  obsenr^ 
"  dans  tontes  les  mines  d'or  du  Chili) ;  ensuite,  la  d^couverte  des  mines  de 
**  tvim  (dont  les  filons  se  trouvent  dans  les  m^mcs  locality  que  les  filons  d'or); 
"  eelle  enfla  des  quelques  mines  d'argent,  firent  abandonner  les  mines  d'or,  et  on 
"  comment  &  s'appliquer  4 1'extraetion  dn  cuiTre  et  de  I'argent.  •  •  •  Les 
"  mineraia  d'or  dimnaient,  tenne  moyen,"  (0*00008125)  "  pour  58  piastres  d'or 
"  psr  oaisMn  (oe  qui  que  reTient  k  pen  pr^  k  20  eastillanos,  e'est-Mivt  k  2 
"  diTJMiw  de  livre  d'or  par  64  quiatanz).  Quant  auz  minerals  de  cniTrey  on 
**  a'cztrayait  qne  des  minerals  oxyd^.  ou  autres  oontenant  au  moins  30  p.  OK) 
"  d«  enitr*.'*— DoxBTXO,  AtmaUt  dm  Min$9p  4ffle  BiAt,  n.  pp.  ,368-0. 

''At  Coqoimbo  gold  Is  Ibnnd  in  a  matrix  of  eatbonato  of  ooipper.* 

Caldolivob,  IVwmIi  ffi  SMA  Amtrioat  u  |^  I5|i 
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On  the  Gold-Mines  of  Minas  Geraes,  in  Brazil. 

The  richest  gold-field  in  Brazil, — between  Congonhas 
do  Campo*  on  the  south,  Candonga  on  the  north,  the 
Rio  das  Velhas  and  other  tributaries  of  the  Rio  Sao 
Francisco  on  the  west,  and  several  branches  of  the 
Rio  Doce  on  the  east, — ^is  about  one  hundred  miles  in 
length,  and  from  fifty  to  seventy  in  width.  Beyond 
the  confines  of  this  region  also  many  mines  have  been 
opened ;  and  some  of  them  are  still  productive. 

That  part  of  the  district  which  consists  of  (Campos1[) 
undulating  table-land  and  low  rounded  hills, — between 
two  and  three  thousand  feet  J  above  the  sea — is  covered 
with  (Capijn^  gordura.  Trigestis  glutinosa^  Nees; 
Agrostis  glutinosaj  Fisch ;   Suardia  pieta^  Schrank  ; 


*  **  Mrti  pflegt  daher  an  dieser  Orenie  sehr  viele  Orte  mit  dem  Bemamen : 
'*  do  Maio  dentro  oder  do  Campo  zu  unterachetden." 

TON  Spix  und  TON  Martius,  Reise  in  BrtuiUen,  ii.  p.  423. 

t  Mawe,  Traveh  in  the  interior  of  Brazil^  p.  225.  Ton  Spiz  und  von  Hartitts, 
Reiae  in  Braailien,  i.  p.  895.  Auguste  de  Saint  Hilaire,  Voyage  done  let  Promncea 
da  Rio  de  Janeiro  et  de  Minaa  Geraeat  i.  pp.  Ill,  195.  Caldcleugh,  IVavela  in 
South  America,  ii.  p.  218.  Gardner,  Travela  in  the  interior  of  Brazil,  pp.  479 
491,  495. 

{  von  Spiz  und  von  Martins,  Reiae  in  Braailien,  ni.  Geographischer  Anhang, 
pp.  39,  40. 

}  <*  A  Bio  de  Janeiro,  cette  plante  porte  le  nom  de  Can^m  melado,  Le  mot 
"  guarani  eapim,  ou,  pour  £tre  plus  exact,  eapyi  (Thea.  de  la  leng,  guar,),  signifie 
"  herb,  foin.  Cette  expression  s'est  introduite  parmi  les  Br^siliens,  quoiqu'elle 
"  ne  fClt  pas  n^cessaire  dans  leur  langue,  pulsque  Ton  a  en  portugais  le  ttkotfen^' 
"  L*habitude  de  vivre  parmi  les  Indians  a  pu  seule  faire  adopter  aux  Portugais 
<( le  mot  capyi" — Satnt  Hilaibe,  Voyage  dana  lea  provincea  de  Rio  de  Janeiro 
et  de  Mintu  Geraea,  i.  p.  194. 

II  Ibid,  I.  p.  194;  ii.  pp.  291,  311.  von  Spiz  und  Ton  Martius,  Reiae  en 
Braailien,  i.  p.  401 ;  ii.  p.  423. 
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Melinis  minutifloraj  Gardner. ''^)  coarse  grass  and  ir- 
regularly dotted  with  (Capoes'\)  natural  clumps  of 
shrubs;  the  remainder — rising  into  isolated  peaks 
and  deeply  serrated  ridges  five  or  six  thousand  feet 
high,J — is,  in  many  places,  still  richly  clothed  with 

•  *<  The  hills  Rround  the  Cidade  do  Serro,  are  covered  with  a  grass  which  the 
"  Braxilians  call  Caplm  gordura  ^Ife/inw  miniUiflorat  Nees  ab.  E.)*>  It  is  covered 
'*  with  an  oily  viscous  matter,  and  universally  makes  its  appearance  in  those 
"  tracts,  which  have  been  cleared  of  virgin  forest  for  the  purposes  of  cultivation ; 
"  both  cattle  and  horses  are  very  fond  of  it,  but  although  they  soon  fatten  on  it^. 
"  the  Utter  get  short-winded,  if  they  feed  on  it  for  any  length  of  time.  Martius. 
'*  considers  this  plant  to  be  truly  a  native  of  Minas  Geraesi  while  8t«  Hilaire  is 
'*  of  a  different  opinion ;  as  it  is  now  everywhere  so  common  in  this  province,  it 
"  is  a  difficult  matter  to  say  which  of  those  excellent  botanists  is  in  the  right; 
"  all  the  agriculturalists  that  I  have  spoken  with  on  the  subject  agree  with  St. 
"  Hilaire,  although  they  differ  in  opinion  in  regard  to  the  place  of  its  original 
**  growth.  •  ♦  ♦  It  is  rapidly  extending  northwards  ♦  ♦  ♦  but  is  not  to  be  met 
*<  with  at  all  in  the  Sertao." — Qakdnbb,  TraveU  in  the  interior  of  Brazil,  p.  477. 

t  "  Der  Abhang  ist  mit  Grascampos  und  einzelnen  Gebiischen  bedeckt,  und 
"  hie  und  da  nimmt  eine  dichte  Waldung  von  niedrigen,  stark  belaubten  Baumea 
'*  die  Binnsale  und  die  Vertiefungen  ein.  Diese  Waldschen,  welche  man  hier. 
'*zu  Lande  (von  dem  verdorbenen  Worte  der  Lingua  geral  Caapoao,.  Insel). 
"  Capoee,  gleichsam  Waldinseln,  nennt,  bilden  elnen  eigenen  Zug  in  der  Land- 
"  schaft  der  Camposgegend,  und  bestehen  gross  ten  theils  aus  Fflanzenarten, 
'*  welche  nur  in  ihnen  vorkommen.  *  *  *  Hieher  gehoren  mehrere  Arten  der 
"  Gattungen  Laurus,  Vochisia,  Annona,  XJvaria,  Xylopia,  Myrtus,  Inga,  Wein- 
"  mannia,  Styrax,  Bauhinia,  Coccoloba,  Chiococca,  Amajovea^Chomelia,  Sapium^ 
"  Oymnanthes,  Spixia,  von  Ranken  der  Faullinicn  und  Echites  durchschlungen. " 

TON  Spix  und  YON  MAaxius,  Reise  in  Braeilien^  z.  p.  395. 

'*  Les  bouquets  de  bois  dans  les  Campoe  qui  lea  habitans  appellant  eapoM, 
«<  •  •  •  L'^tymologie  du  mot  eapao  est  asses  jolie.  II  vient  de  caapo6m,  qui, 
**  dana  la  lingoa  ^ero/,  signifie  ile." — Saint  Hilaisb,  Voyage  dane  lea  Provineee 
de  Mio  de  Janeiro  el  de  Minaa  Geraea,  I.  p.  1 13 ;  ii.  p.  98. 

**  The  undulating  open  barren  country  affords  only  here  and  there  a  few  olus- 
'*  ters  of  trees  in  hollow  places ;  to  these  isolated  woods  the  name  of  Capoea  is 
«<  given,  an  appellation  which  is  highly  poetical,  being  derived  from  the  Indian 
'*  word  Caapo6m,  which  signifies  an  island.  These  island-woods  form  a  peculiar 
**  feature,  in  the  upland,  open,  undulating  Campos  of  the  province  of  Minas 
"  Geraes.  The  trees  which  compose  them,  chiefly  consist  of  different  species  of 
*'  Myrcia^  Eugenia,  Vochyaia^  Anona,  Laurua,  Styrax,  &c.,  intermingled  with 
*'  climbing  shrubs,  such  as  BauAtma,  PauUinia,  &c.'' 

Gahdnbb,  Travela  in  the  interior  of  Brazil,  p.  431. 

}  The  Serra  de  Piedade  is  5400  (English)  feet  above  the  sea; 

Itacoluml 6710  „  „  ; 

Itambi 6965  „  „  • 

TON  Sfix  und  TON  Mabtivs,  Reiae  in  Braailien,  i.  p.  306 ;  ii.  pp.  422,  466« 
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virgin  forests ;  *   which  are  protected   by  stringent 
lawB.t 
The    auriferons    series   consists  of   granite :[;   and 

*  Saint  Hiliirei  Vojfaff§dan$U9Prv9mee9deRwdeJa9mro  ei  de  Jftnoa  0€ra$t, 
n.  p.  98. 

'*  The  Mat09  Virytni,  or  Tirgin  forettii  are  such  as  those  which  exist  on  the 
**  Organ  Moontains,  and  indeed  along  the  whole  maritime  Cordillera.  To  these 
**  also  belong  the  Capou  of  the  Compo  countries.  Next  to  the  virgin  forests 
"  come  the  CatrngM^  the  trees  of  which  are  generally  small  and  deeidnous,  and 
**  form  the  connecting  link  between  the  virgin  forests  and  the  Corrosoos,  which 
'<  grow  on  more  elevated  tracts  than  the  Caiingas,  and  consist  of  close  growing 
*'  shrubs  about  three  or  four  feet  high.  These  are  all  natural  woods,  very  different 
"  firom  *  •  *  the  Ct^toeirtu,  which  are  wooded  tracts  formed  by  the  small  trees 
*<  and  shrubs  which  spring  up  in  lands  that  have  been  prepared  for  cultivation 
**  by  destroying  the  idrgin  forests,  which  is  generally  effeoted  by  setting  fire  to 
"  them ;  the  trees  that  then  spring  up  are  always  very  distinct  firom  those  which 
"  constituted  their  original  vegetation."— Ojlrdkbb,  IVaveit  in  Bnuil^  p.  432. 

t "  Bntre  as  rossas  viilnhas  que  hoje  partem  por  matto  virgem  se  conserve  nas 
"  partilhas,  ou  extremoe  hums  linda  de  duaentos  palmos  de  cada  parte  a  qual  de 
"  novo  senSo  poderi  rossar  sem  licen^a  do  Oovemo  precedendo  inibrma^6es 
"  authentioas  se  nellas  ha  arvores  de  lei  que  se  devSo  conservar,  pois  a  experi- 
**  enda  mostra  que  a  natureva  das  terras  as  nSo  produi  de  novo,  ou  tarda  seculos 
"  para  as  produsir,  e  quern  sem  esta  Ucen9a  rossar  as  ditas  Lindas  perderi  todo 
**  o  dominio  e  posse  que  nellas  tiver,  e  flcar4  por  esse  mesmo  feito  aplicada  ao 
**  viainho  com  quem  parte,  que  a  poder4  semear,  e  desftnctar  sem  que  aquelle 
*'  que  a  rossou  possa  pretender  delle  causa  alguma,  alem  da  pena  de  einooenta 
"  oitavas  pagas  da  cadea  para  o  denunciante,  e  se  ambos  os  visinhos  contravierem 

**  Juntamente  esta  disposi^So  pagar4  cada  hum  a  pena  em  dobro. 

•  «••••• 

"  Bm  todas  as  rossas,  terras,  sitios,  ou  vertentes,  que  se  concedessem,  ou  de 
•«  alguma  eorte  se  ocoupassem  depots  do  dia  80  de  Outobro  de  1783,  ou  oocupi^o 
*'  em  terras  de  matto  virgem,  serSo  obrigados  a  conservar  a  decima  parte  por 
*'  fossar  damesma  sorte  debaixo  das  mesmas  penas  que  atras  se  declsrou  acerea 
**  das  Lindas,  ou  extremes  das  demarcafSes." — Begunento  dot  8m>9ntUmdenie§, 
OuardoM-Moretf  •  OJSeiaes  deputadot  para  as  Mmaa  do  Ouro,  Bando  9U  Addita- 
mmUo  ao  Segiminto  Mineral,  13  de  Maio  de  1736. 

Southey,  History  of  Bnuil,  iii.  pp.  825-6. 

%  At  Gofi^o  Soeo  **  the  Serra  which  runs  Arom  esst  to  west,  and  lies  to  the 
"  north  of  the  mine,  is  of  primitive  character,  the  mass  of  its  centre  consisting 
'*of  granite;  upon  the  granite  is  imposed  a  thick  bed  of  schistose  and  day 
**  dates,  cropping  out  at  an  angle  of  about  46**.  Above  this  lies  another  thick 
*'  bed  of  ferruginous  Jtaoohimiie,  having  the  same  inclination  as  the  rocks  below; 
*'  and  immediately  over  this  the  Jacotinga^  or  soft  micaceous  iron  schist,  which 
"  contains  the  gold,  and  which  is  about  fifty  fathoms  in  thickness.  Above  the 
**  Jaeotmga  is  another  thick  layer  of  HaoohmiU  ;  and  lastly  about  half  a  mile 
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gneiss  *  overlaid  by  slates,  which  —  partaking  the 
nature  of  the  rock  beneath — are  micaceous  or  talcose 
as  it  contains  mica  or  talc.  These  are  at  unequal 
intervals  interlaid  by  thick-flaggy  quartz-rocks ;  which 

"  to  the  south  of  the  mine,  a  thick  hed  of  a  highly  crystallised  stratified  lima- 
'*  stone  crops  out  at  the  same  angle,  and  in  the  same  direction  as  the  other  rocks. 
'*  About  half  a  mile  to  the  eastward  of  the  entrance  to  the  mine,  the  bed  of 
"  Jaeoiinga  narrows  to  a  point,  but  towards  the  west  it  appears  to  be  inexhausti- 
**  ble. — ^ViBOXL  YON  HBLX&BiOKBzry  Qardner*»  Traveb  in  the  interior  o/BroMiif 
p.  494. 

Hoiwood,  JBdinhurffh  New  Philotopkieai  Journal^  l.  p.  61. 

*  AMonleTade  pr^  Santa  Barbara  "  nous  aTons  dans  la  partie  inf^rienre  une 
«<  eouehe  puissante  d'amphibdle  et  de  feldspath  Tient  ensuite  le  gneiss,  puis  aprte 
*'  le  schiste  talquoos  et  micae4,  parsem4  de  veines  de  quarts,  puis  le  grds  €las- 
"  tique^  sur  lequel  repose  une  couche  de  Jaeutinga  et  de  far  oxydul^  (le  plus 
*'  riche),  qui  a  plus  de  60  pieds  d'epaisseur ;  puis  du  gr^,  puis  d'autres  couches 
*'  de  fer,  fto." — ^M  Jsan  Aktohib  db  Moklsyaob,  MSS. 

Ton  Spiz  und  Ton  Martins,  JReiee  in  BraeiUen,  i.  p.  852.  Ton  Eschwege, 
AmuOee  dee  Mmee,  ym.  pp.  401-480 ;  Pluto  BraeiUensie^  p.  210. 

*'  The  Monro  da  Villa  Rica  consists  almost  entirely  of  a  primary  quarta-slatey 
**  resting  on  gneiss  and  mica-slate.  Occasionally  clay-slate  interTenes  between 
**  the  gneiss  and  quarta-slate,  and  sometimes  the  mica-elate  is  entirely  wanting. 
•(  •  •  •  The  quarts-slate  puts  on  a  Tariety  of  aspects.  Very  low  down  it  con* 
*'  tains  a  large  portion  of  mica  and  the  grains  of  silez  are  move  regular.  ^  *  • 
«  Higher  up  in  the  mountain  it  partakes  more  the  character  of  a  simple  rock ; 
"  being  tolerably  compact,  granular,  and  stained  in  spots  with  iron.  The  gruns 
"  are  occasionally  as  large  as  small  peas,  and  euTeloped  in  a  finer  matter.  This 
"  formation  is  intersected  by  Teins  and  nests  of  quarts,  which  do  not  seem  to 
"  hsTe  in  any  way  disturbed  the  stratification  of  the  rock.  Contrary  to  what  is 
**  generally  remarked  of  quarts^rock,  this  formation  is  eminently  metalliferous, 
•«  and  the  numerous  holes  and  excaTations  made  in  the  Teins  of  quarts  haTe 
"  been  rewarded  by  the  discoTery  of  large  quantities  of  gold.  •  •  • 

"  About  two  hundred  feet  up  the  mountain  large  masses  of  talc-slat^re  em- 
<*  bedded,  and  firequently  coTer  the  rook  just  described.  This  slate  is  of  a 
"whitish  or  lead  colour;  and  inmiediately  in  contact  with  it,  another  rock, 
'*  which  I  haTe  named  a  ferro-mioaoeous  slate,  is  generally  seen  to  rest.  Some- 
*'  times  this  slate  has  only  a  Tery  slight  tinge  of  iron ;  at  other  times  it  exists 
"  perfectly  deeompoeed,  and  puts  on  the  appearance  of  decayed  wood.  Fm- 
"  quently  the  mioa  appears  completely  lost ;  and  the  sUte  takes  the  character  of 
*'  mieaoeous  iron«  and  is  essentially  an  ore,  and  worked  as  sneh«  When  it 
*'  assumes  this  form,  a  blow  with  a  hammer  on  the  strata  causes  a  quantity  of 
"  fine  sand  to  issue  from  between  the  lamina.-  In  some  spots  one  or  other 
**  of  these  bed*  It  often  wanting.*' 

CUuMSLiuoH,  Thnelf  w  Sondh  Amefies^  lu  pp.  269«861. 
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are  likewise  micaceous  in  some  places  but  talcose 
in  others.*  Clay-slate,  which  passes  at  times  into 
chlorite-slate,  succeeds  the  mica  and  talc  slates,  and 
includes  also  large  masses  of  quartz.  In  many  parts 
of  the  next  formation  granular  quartz,  mixed  occasion- 
ally with  a  small  proportion  of  lime,  is  interlaminated 
with  mica  or  talc ;  f  but  in  others  these  are  replaced 
by  thin  bands  of  specular  j:  or  oxydulated  iron-ore. 

*  **  Lea  lamelles  de  talc  ou  de  chlorite  se  joignent  si  Men  les  anes  etcc  les 
"  autres,  en  entourant  les  graines  de  quarts,  que  la  roclie  devient  sonple ;  c'est 
«  ce  que  Ton  a  appel^  grds  flexible  ou  ^laatique  du  Br^sil." 

TON  EscBWBOB,  Atmolu  de»  Minei,  Tin.  p.  411. 

Mawe^  Annales  dea  Minetf  it.  p.  234.  Ton  Spiz  und  yon  Martius,  BbUb  m 
Bra$iKen,  i.  p.  352.  Caldcleugh,  Dravela  in  the  interior  of  Brazil,  ii.  p.  260. 
Claussen,  BuOetine  de  VAeadhnie  BoyoJe  dea  Scieneee  de  Sruxelles,  TUT.  (Ire 
partie)  p.  325. 

t "  L'itacolumite  est  de  m^me  &ge  que  le  thonschiefer  primitif,  le  scliiste 
"  ferrugineux,  le  talc,  la  chlorite  schisteuse,  ritabirite  et  le  calcaire  primitif. 
«  •  •  •  Les  parties  essentielles  de  cette  roche  son  le  quarts  et  le  talc,  on  la 
"  chlorite.  Le  tissue  est  schisteux,  4  grains  gros,  moyens  ou  petits,  suiTant 
"  que  le  talc  ou  la  chlorite  domine  et  s'y  trou?e  en  lamelles  comme  le  mica  dans 
<*le  mica-schiste."  ton  Eschwegb,  Annalee  dea  Minea,  Tin.  pp.  410-411; 
Piuto  Braailienaia,  p.  218. 

Ton  Spix  und  yon  Martins  JReiae  in  BraaiUen,  i.  p.  353.  Caldcleugh,  Traveie 
in  the  interior  of  Breunl,  ii.  p.  260.  Clauasen,  Bulletina  de  VAeadhnie  Boyale 
de  Bruxellea,  Tin.  (Ire  partie)  p.  325.  Ton  Helmreichen,  Gardner'a  IVavela  in 
the  interior  of  Brazil^  p.  498.  Murchison,  Geology  of  Rvaaia  in  Europe  and 
the  Ural  Mountaina,  i.  pp.  381,  481.  Henwood,  Edinlfurffh  New  Philoaophioal 
Journal^  "L,  p.  61. 

{*<  Itabiriie,  Du  fer  oUgiste  micac6  (eiaengUmmer)t  du  fer  oUgiste  en  g^n^ral 
«  compacte  plus  rarement  feuillet^,  un  peu  de  fer  oxidul^  et  de  quarts  diss^mxn^s, 
"  composent  cette  roche,  qui  est  tant6t  solide  et  compacte,  tant6t  d*une  texture 
"  grenue-schisteuse.  •  •  *  Toutes  ces  masses  sont  magn^tiques  et  mtoie 
"  magnfitipolaires.  *  ^  ^  Ce  nom  est  d^riv^  de  celui  du  pic  d'ltabira^  non  loin 
**  de  Sabard." — TON  Eschweob,  Annalea  dea  Minea,  Tin.  pp.  417-419 ;  PkUo 
Braailienaia,  p.  222. 

De  Monlevade,  Annalea  dea  Minea^  it.  p.  137.  Ton  Spix  und  Ton  Martius, 
Beiae  in  BraaiUen,  i.  p.  404.  Caldcleugh,  Travela  in  the  interior  of  Brazilt  ii. 
p.  261.  J.  C.  Hocheder,  Reporta  of  the  Imperial  Brazilian  Mining  Aaaoeiation, 
XT.  (1833)  p.  54.  Claussen,  Bulletina  de  VAcadimie  Royale  de  Bruxellea,  Tin. 
(Ire  partie)  p.  327.  Ton  Helmreichen,  Gardner*a  Travela  in  the  interior  of 
Brazil,  p.  494.    Henwood;  Edinburgh  New  Philoaophieal  Journal,  l.  p.  61. 
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Sometimes,  however,  the  iron-ores — slightly  mixed 
with  other  ingredieDts — form  beds  of  enormous  thick- 
ness.* Homblendic  rocks  f  potstone,J  and  dolomite  § 
occur  amongst  the  upper  slates. 

•  «(  The  constituent  parts  of  the  Jacotinga  are  iron-mica  and  quarts ;  the  latter 
'*  usually  in  a  state  of  disintegration.  •  *  •  Manganese,  scaly  talc,  and  massive 
'*  iron  glance  are  its  chief  accidental  ingredients ;  and  of  these  the  first  occurs 
"in  layers  from  one  quarter  of  an  inch  to  two  or  three  inches  in  thickness; 
*<  whilst  the  other  two  are  emhedded  in  irregular  strings  and  nests. 

J.  C.  HocHBDBSy  Reports  of  the  Brtiziiian  Mining  Aseociatum,  xy«  (1833) 
p.  54, 

Ton  Bschwege,  Annalee  dee  Minee,  yiii.  p.  417.  Claussen,  Bulletins  de 
rAcadhnie  Royale  de  Bruxellett  '▼m-  (Ire  partie)  p.  327.  von  Helmreichen» 
Cfardner'a  TVavele  in  the  interior  of  Brazil,  p.  494.  Henwood,  Edinburgh  New 
PhthiophiealJoumal,  i.  p.  61. 

t "  Un  fait  remarquable  est  le  passage  de  le  thonschiefer  au  grUnstein,  qui  y 
**  forme  des  nidt.  On  trouTe  d'abord  da  feldspath  et  de  Tamphibole  diss^min^s 
"  di  et  lit  dans  la  masse.  Ces  parties  prennent  peu  li-peu  de  la  consistence, 
*'  dominent  et  flnissent  par  former  une  masse  solid  de  griinstein  envelopp^e 
'*  comme  un  noyau  dans  la  roche." 

Ton  Eschwege  AnntUee  des  Mines^  Tin.  p.  416 ;  Pluto  Brasiliensis,  p.  215. 

%  "  Les  eouches  talqueuses,  li^es  ae  thonschiefer,  offrent  un  champ  plus  riche 
"  anx  min^ralogistes.  Le  talc,  la  chlorite  schisteuse  et  la  pierre  ollaire,  min^raux 
"  entre  lesquels  il  est  difficile  de  tracer  une  ligne  de  demarcation,  se  trouvent 
"  quelquefois  s^par^s  les  uns  des  autres ;  cependant  la  chlorite  schisteuse  et  la 
*'  pierre  oUaire  sont  presque  toujours  ensemble." 

TON  EscHWBGS,  AnnoUs  des  Mines ,  Tin.  416. 

Claussen,  BuUeiins  de  PAcadimie  Roy€de  des  Bruxettes,  Tin.  (Ire  partie)  pp. 
324-326. 

Near  Caeth^  and  Brumado  culinary  Teasels  fpanelas)  are  made  of  potstone. 

{ *'  Le  terrain  calcareux  de  transition  est  compost  de  couches  II  peu  pr^s 
"  horisontales  de  phyllades  argileux,  p^trosiliceux  et  macignos.  EUes  contien- 
**  nent,  sp^cialement  dans  leurs  assises  inf^rieures,  des  couches  puissantes  de 
"  calcaire  noir  et  gris."  Claubssit,  Bulletins  de  rAcadhnie  Royale  de  Bruxelles, 
Tin.  (Ire  partie)  p.  328. 

Ton  Helmreichen,  Crardner's  Travels  in  Bratil,  p.  494.  Henwood,  Edinburgh 
New  PhUoeophical  Journal^  L.  p.  61. 

The  limestone  largely  quarried  between  Gongo  Soco  and  Sorocco  contains— 

Carbouate  of  lime 59*7  per  cent. 

Carbonate  of  magnesia.  • . .  85*6        „ 

Peroxide  of  iron 8*2        „ 

Silica 0*5         „ 

Alumina 0*2        „ 

092 

FAR4DA.T,  Reports  of  the  Imperial  BratUian  Mining  Assoeiaiion^  T.  (1828)  p.  00. 
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All  parts  of  the  series  yield  more  or  less  gold ;  bat 
the  riches  of  each  separate  member  are  confined  to 
deposits  peculiar  to  it  alone;  for  within  the  whole 
region  there  is  not  a  single  vein,  dyke,  or  other  metal- 
liferous repository  whatever  common  to,  even  two, 
contiguous  strata.*  So  short,  scattered,  and  irregular, 
indeed,  are  the  productive  portions,  that  adjoining 
mines,  in  the  same  rock  formation,  are  seldom  or  never 
on  the  same  continuous  auriferous  mass. 

(A.)  Granite  rises  to  considerable  elevations  in  many 
places,*)*  but  it  forms  none  of  the  highest  peaks. 

Granite  composed  of  quartz,  yellowish  buff-coloured 
mica,  and  white  felspar,  in  an  advanced  stage  of  de^ 
composition,  appears  about  a  mile  east  of  Gaethe. 

Enormous  blocks,  fallen  from  the  higher  peaks  of 
granite,  in  which  smallish  crystals  of  felspar  are  scat- 
tered through  a  basis  of  quartz,  felspar,  and  mica, 
overspread  the  eastern  slopes  of  the  Serra  de  Cara^:|; 

Crystallized  quartz,  enclosing  crystals  of  schorl,§  is 
mixed  with  lemon-coloured  talc,  lithomarge,  felspar. 


•  Claussen,  ButteHna  de  VAeadkmie  Royah  d$  Bru»tU$t,  Tin.  (Ire  purtie) 
pp.  328,  824. 

t  Ton  Spix  und  Ton  Kartius.  Sew  in  Brueilien,  x.  pp.  860 — ^9.  Gardner, 
Seporit  of  the  Imperial  Brazilian  Mininff  AMeoeiaHon,  i.  (1826)  p.  71*  Toa  Helm- 
reichen,  Gardner' e  Traneh  m  the  interiar  of  Bra»il,  p.  494.  Henwood,  Bdin. 
New  PhUoeophical  Journal,  L.  p.  61. 

X  Ton  Bschwegey  Annalee  dee  Mmee,  viit.  p.  418.  ron  Spix  nnd  von  Martins, 
Beiee  in  BrMiHen,  i.  pp,  408-8.  Augnste  de  Saint  Hilaire,  Voyage  done  lee 
Pnmncee  de  Rio  de  Janeiro  et  de  Minae  Geraee,  i.  p,  215.  Gardner,  TVavele  in 
the  interior  of  Braal,  p.  605. 

)  Certain  sands  of  the  Parkbp^bai— deriTed,  perhaps^  Arom  granite  in  the 
neighbonrhoodf — contain  sohorl;  whioh  has  often  been  mistaken  for  tin-ore. 
Amongst  the  ozydolated  irpn-ore  with  whioh  it  is  mixed  Messrs.  Ton  Spix  and 
Ton  Martins  {Beiee  in  Braeilienf  z«  p.  820)  fonnd  both  chromiom  and  manganese. 
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and,  in  some  spots,  with  Mrthy  brown  iron-ore  also 
at  Turvo  near  the  Peri^ic^ba. 

(I.)  Granules  of  gold  are  sparingly  mixed  with 
quartz,  felspar^  and  ozydulated  iron-ore/  in  the  granite 
of  Candonga;  just  as  tin-ore  f  is  sprinkled  through 
that  of  Cornwall, 

(a.)  Although  the  metalliferous  deposits  are  more 
qnartzose,  and  contain  a  larger  proportion  of  iron-ore, 
than  the  rock,  they  partake  its  granitic  character. 
Through  this  ferruginous  granite,  gold  is  always  thinly 
scattered,^  alloyed,  however,  with  from  five  to  eight 
per  cent,  of  palladium,§  and  of  a  yellow  as  pale  as 
that  assumed  occasionally  by  native  silver, ||  it  forms 


*  "  Le  Braiilte  de  oe  paji  oolitient  beauooup  de  fer  ozydol^,  aooidenteUement 
**  melange/'— Von  Esohwsob,  Annaies  det  Mins8,  viii.  p.  407. 

**  Id  Baiern  kommt  in  mehrenen  Oegenden,  z,  B.  am  Fiehtalberg  nnd  m  Flou 
**  granit  Tor,  in  ▼elcbem  der  Eiienglimmer  die  Stelle  des  gemeinen  Qlimmers 
'*  Yertritt"— voir  Spix  und  tow  Mabtius,  Reii$  m  BratiUM,  i.  p.  851. 

t  *'  Three  miles  loutb-eaat  of  Two-bridgei  "  on  Dartmoor  **  where  some  tin- 
**  mines  are  worked,  lliat  metal  is  found  ^sseminated  in  the  granite,  as  one  of 
*'  iu  integrant  paru." — Bibobb,  Oeoh^ical  Dranmeiumi,  u  p.  120. 

'*  Small  erystallioe  granules  of  tin-ore  are  dispersed  through  and  form  an 
•*  integral  part  of  the  granite^  at  BaUenoidden,  Raggj-rowal,  Wheal  Fyryon, 
**  Carelaze,  Kit-Hill,  &c."— Comioal/  GeoL  Trans,  y.  pp.  15,  53,  73, 119,  235. 

X  Captain  Herbert,  Atiaiic  Researchea^  i.  (1829)  p.  236.  AnU,  pp.  3,  46,  Notes. 

"  The  auriferous  sand  at  Peshanka  seemed  to  be  simply  the  disintegrated 
"  surface  of  the  subjacent  rock,  a  sort  of  syenite  or  *  granite  pourrie.'  *' 

MvBCHWON,  Db  V bbitbuil,  &  TOif  KBTSBBiiiNO,  Oeology  of  Russia  in  Europe 
and  the  Ural  Mountains^  i.  ( 1845)  p.  483. 

'*  Professor  Hoffman  has  ascertained,  that  in  a  considerable  region  of  eastern 
"  Siberia,  the  gold  is  realfy  disseminated,  not  only  through  granite  and  other 
«•  igneous  rocks,  but  also  through  large  bodies  of  olay*slate.*'— iftidl,  p.  483. 

In  AustraUa  **  gold  is  Tisible  in  the  decomposing  ezfoliative  surfaces  of  granitic 
**  boulders  "  amongst  the  '*  alluTia  of  the  Uralla.** 

Clabkb,  Quarterljf  Journal  of  the  Geohgieal  Society ,  xi.  (1855)  p.  403. 
**  In  the  eastern  gold-fields  '*  of  Australia  "  gold  it  found  in  the  granite.*' 
Sblwtx,  Quarterly  Journal  of  the  Geological  Society,  ziv.  (1858)  p.  5S6. 

^PerciTal  Norton  Johnson,  Esq.,  F.R.S.,  F.O.S,  ftc,  &c.,  MSS.  Cockt 
Ltmdon,  Edinburgh,  and  Dublin  Phil,  Mag,,  3rd  Series,  xxxii.  (1843)  p.  16. 

I  Levy,  Description  d*une  collection  de  Mineraux^firmie  par  M,  Henri  Heuland, 
II.  pp.  320 — 8. 
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(b)  Near  Caeth6  the  granite  is  succeeded  by  fine* 
grained  greyish-buff  schistose  rocks,  composed  chiefly 
of  quartz  and  either  mica  or  talc,  but  mixed  with 
small  quantities  of  felspar  also ;  which  are  surmounted 
by  mottled  white  and  red  clay-slate.  Trending,  like 
the  surface,  in  some  places  N.E.  and  S.W.,  in  others 
S.E.  and  N.W.,  they  always  dip  hill  ward  to  the  south. 
The  granite  and  clay-slate  are  destitute  alike  of  veins 
and  of  gold ;  but  at  Hossa  Grande  *  the  talco-mica- 
ceous  slates — enclosing,  at  intervals,  nests  and  short, 
thin,  conformable  beds  of  either  mica  or  talc  and 
quartz  f — are  slightly  auriferous. 

(fi.)  An  irregularly  ramified  mass  of  quartz  (,Fig.  1 2) 
wrought  to  a  depth  of  more  than  120fms.  in  fine-grained 
quartzose    talco-micaceous  slate ;{;  (Itacolumite^)  at 

"  yielded  679  pooda  "  (24528*875  Ibi.  avoirdupoii  or  0-000013  ita  weight)  «*  of 
"  gold, 

"  The  Bu8ti«n  pood,  or  40  Ibi.  of  that  eoantry,  U  equal  to  36  lbs.  2  ox.  English 
"  avoirdupois." 

HuROKiBOV,  BB  YBurvinL,  Sl  tov  Kbtsbrliko,  Ruuia  in  Europe  and  the 
Ural  Mauniains^  i.  pp.  476-7.    Siluria  (3rd  edit.,  1850),  p.  481. 

*  Claussen,  BuUeiitu  de  VAcadimie  BoydU  de  Brttxettes,  yiii.  Ire  partie  (1841), 
p.  324. 

t  Ante,  p.  10. 

I  Mawe,  Travels  in  the  interior  of  BnuUl,  p.  307.  Annaiee  dee  Mines,  n. 
(1817)  p.  234.  Ton  Spix  und  Ton  Martius,  Reise  in  Braailien,  I,  p,  353 ;  English 
Translation,  ix.  p.  263.  Ton  Bschwege,  Annates  des  Mines,  yiii.  (1823)  pp.  407- 
415.  Pluto  BrasiUensis,  p.  218.  Caldolengh,  Travele  in  South  America,  n.  pp. 
259-61.  Claussen,  Bulletins  de  VAcadimie  Royale  de  Bruxelles,  viii.  Ire  partie 
(1841),  pp.  323-326.  von  Helmreiohen,  Gardner's  Travels  in  the  interior  of 
Bratil,  p.  494.  Mnrchison,  de  Vemeuil  &  von  Keyserling,  Geology  of  Russia^ 
X.  pp.381, 481.  Henwood,  Edinburgh  New  Philosophical  Journal,  L.  (1850)  p. 61. 

'*  Qnarssohiefers  zwisohen  den  Grasflaohen  hervor.  Besonders  seiohnet  sich  etna 
{  "  Der  Itaeolumi,  ist  die  hochste  Kuppe  der  Serra  de  Giro  Preto  "  *  *  *  , 
*'  Gegen  die  Spitie  hin  treten  maohtige  Felsenblocke  und  Ri£fe  des  weisslichen 
<•  ungeheuere  Felsenmasse  aus,  welche  von  dem  Gipfel  losgetrennt,  unterhalb 
'*  demselben  etwas  schief  herabhangt,  und  von  Yilla  Rica  aus  deutlich  gesohen 
'*  wird.*'  «  «  «    «<  Dieser  Felsen,  gleichsam  der  Sohn  des  Hauptgipfels,  hat  die 
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-  Fig.  12. 

OArrjL  BBANCA.        Plan, 


Catta  Branca,*  afforded  much  gold,  beside  the  sul- 
phurets  of  bismuth  and  antimony  in  smaller  quantities. 
The  produce  was,t — 


Yein-Btone. 
Date.  Tons  (avoirdupois). 

1840 18,230-  . 

1841    21,704- 

1842 21,612-  . 

1843 21,648-  . 

1844  (6  months)      7,900'  . 


•  « 


•  « 


■   « 


Gold. 
lb».(Troy). 

974-  . 

864-  . 

790-  . 
385- 

154-  . 


•  • 


Proportion  of  gold 
in  the  mass. 

0-0000196 
0-0000146 
00000134 
0-0000065 
0-0000071  X 


Total..  91,094- 


■  •  •  • 


3,167-  mean  0-0000128 


As  the  mine  was  deepened,  the  quartz  contained  a 
gradually  smaller  proportion  of  gold.§ 


f> 


«  indianische  Benennnng  von  Ita  (Stein)  und  Cokani  (kleiner  Sohn)  veranlasst. 

TOK  Sfix  nnd  ton  Martitxs,  BeUe  in  Brasilien,  i.  p.  395-6. 
English  Translation,  i.  p.  268.    Eschwege,  Phito  BratUieMis,  p.  221.    Saint 
HUairey  Voyage  dans  le  District  des  Diamans  etturle  Littoral  du  Brenl,  i.  (1833) 
p.  186.    Walsh,  Notieei  of  Brazil^  n.  p,  193.    Henwood,  Edinburgh  New  PMk 
Jornnal^  L.p.  61* 

•Clanasen,  BuSMim  de  VAeadhnU  BagaledeBm^Uea,  thl  Irepartie  (1841), 
p.  326. 

Daring  one  of  the  thander-storms  which  ushered  the  rains  in  1842,  several 
electrical  discharges — conducted  by  the  tchim^hains  to  a  depth  of  one  hundred 
sad  twenty  fathoms  in  Catta  Branca — partially  paralyzed  some  of  the  workmen. 
Captain  William  Williams  (Manager  of  Catta  Branca),  HSS. 

Like  oecnrrences  at  Beteheri  Qluck  in  Saxony  and  at  Eatt  Wheal  Crofly  in 
Cornwall  are  described  by  Danbuisson,  Dee  Mince  de  Freiberg  en  Saxe,  m.  p.  150 ; 
end  by  me,  Cornwall  Geol,  Trane.t  v.  p.  457*. 

t  Mining  Journal. 

X  As  mines  are  careAiIly  stripped  before  they  are  abandoned,  their  last  Is  not 
always  their  poorest  produce. 

f  "  In  Yictoria  thousands  of  pounds  were  expended  on  lodes  that  had  been 
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(df  e.)  The  mines  of  Paciencia  and  Coelho  near  Sao 
Vicente  afford  minute  particles  of  gold,  sparingly  mixed 
with  tellurium,*  the  sulphuret  of  antimony,  t  and  iron 
pyrites,  in  a  broad  band  of  quartz ;  which — bearing 
east  and  west— conforms  to  the  structure,  and  partakes 
the  character  of  the  adjoining  talcose  slate. 

(/.)  The  talcose  slate  which,  in  a  range  subordinate 
to  the  Cara^a,  yields  gold  at  Santa  Rita^X  is  succeeded 
by  quartz-rocks ;  and  these — themselves  slightly,  if  at 
all,  metalliferous — are  traversed  by  auriferous  veins  of 
quartz  at  Catta  Preta.\ 

The  rocks,  —  generally  of  pale-buff  or  dark-red 
colour,  varied  texture,  and  granular  structure, — are 
everywhere  traversed  by  two  series  of  joints  which 
range  from  N.E.  to  S.W.  and  S.E.  to  N.W.,  respec- 
tively. 

<*  rich  at  the  surface,  in  the  eipectation  that  as  rich  or  richer  deposits  would  be 
**  met  with  at  a  greater  depth.  In  nearly  erery  instance  the  adventorers  met 
**  with  disappointment.  Instances  are  innumerable  of  Teins  of  quarts,  highly 
"  auriferous  in  their  upper  parts,  containing  none  of  the  precious  metal  below.'* 
Bblt,  Mineral  Veintt  an  enqiary  into  their  origin,  founded  on  a  9tudy  of  the 
amiferoua  quartz  veint  in  Auatralia,  London,  1861,  8to.  pp.  1-62. 

«  Henwood,  ComtoaU  Geol.  Drant.,  tii.  p.  228. 

t  Claussen,  BuUetitu  de  FAcadhnie  Boyale  de  BruzeUei,  yiu.  Ire  partle  (1841), 
p.  826. 

X  Ante,  p.  176. 

{ *<  Unmittelbar  am  Fusse  der  Serra  do  Cara^a  (in  Caia  PretaJ  *  •  *  das 
**  Metalls  aus  Steinen  durch  Pochen  gewonnen,  wegen  seiner  graugelben  Farbe 
*'  merkwttrdlg,  bei  sweckmassiger  Einschmelsung  bis  zu  drei  und  swansig  Karat 
'*  gereiniget  werden  kann."— ton  Sfix  und  ton  Ma&tzvs,  Beiae  in  Bratiiien, 
I.  p.  408 ;  English  Translation,  it.  p.  287. 

Ton  Eschwege,  Pluto  BraeilieneiSt  p.  295.  Claussen,  Bulletins  de  FAead^mie 
Moyale  de  Bruxellea,  tiix.  Ire  partie  (1841),  p.  327.  Gardner,  Beport  of  the 
Imperial  Brazilian  Mining  Aatociation,  i.  (1826)  p.  69.  Edwards,  lbid,-p,  73. 
Tregoning  &  Bray,  Ibid,  xx.  (1836)  p.  45,  Fengilly,  Ibid,  xxxTi.  (1834),  p.  1. 
Henwood,  Blarney,  Pengilly,  &  Luko,  Ibid,  XZZTII.  (1844)  p.  3,  Henwood,  i&itf, 
xxxTiii.  (1845)  p.  4;  xli.  (1846)  p.  9. 
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Veia-like  masses  baviag  both  these  directions  yield 
gold ;  but  in  different  parts  of  the  mine. 

From  north-east  to  south-west  ancient  works  *  of 
great  extent  follow  the  course  of  a  metalliferous  de- 
posit; which — oblique  both  in  strike  and  dip  to  the 
beds  of  quartz-rock,  yet  parallel  to  one  series  of  its 
joints— dips  hillward,  40'-58°  towards  the  south-east. 
Its  chief  ingredient, — transparent,  colourless  crystaUine 
quartz, — is  traversed  in  all  directions  by  innumerable 
minute  cracks  and  fissures ;  which  are,  in  some  places, 
lined  with  thin  scales  of  compact  red  iron-ore  i  such 
portions  often  contain  particles  of  very  bright  gold. 
Its  wider  parts  sometimes  enclose  isolated  masses  of 
granular  quariz-rock. 

The  same  formation — traced  great  part  of  a  mile 
and  uniting  with  several  floors  {Fiff.  13,  c,  c)  towards 
F^.  13. 

TYtauverte  tteUon. 


o  Qnuti-Tock.    h  Gold  fornutioD.    e  Floors. 

■  From  the  rooh  of  thoK  openiDgt  huig  tufti  of  dry  grua  ud  deid  rem  Id  trhiob 
liiuruDiDg-birdB  often  build,  lu  ono  of  thnej  six  nesU,  rCBting  one  on  another) 
eontuned  the  exmiite  of  aaeceiiiTe  broode.  But  cou-se  itema  pendant  from 
til*  thatched  roofa  of  vihim-hoiuet  at  Gongo  Soca  were  their  fkrouiite  reiting' 
pUceij  and  there,  regatdleae  of  men  and  horse*,  the;  built,  and  reared  then 
foUDg.  During  spring  tho  humming  Kings  of  those  eiquisilc  creature?  ^t^ic 
pUinl]'  heard,  ai — flashing  between  the  leaTes  »hieh  shaded  mj  reranda— lh<^v  (o  J 
hom  floweri  within  a  few  feel  of  my  head.  A  large,  long-tailed,  black  specie  , — 
Uic  only  one  which  seemaapeTmaneDt  iohabitant  of  Hinaa  Qeraes, — may  bcDfu-a 
heard  in  song  on  the  thickets  (Cajfot*)  near  Cattaa  Altos. 


^ 
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the  north-east — ^has  been  followed  to  a  depth  of  eighteen 
fathoms  •  near  the  mansion  at  Catta  Preta ;  where — 
averaging  two  or  three,  but  in  some  places  as  much  as 
twenty,  feet  wide — its  ingredients — ^much  the  same  as 
before— afford  0*0000132  their  weight  of  gold. 

(III.)  (a.)  The  clay-slate  which  northward  passes  by 
degrees  into  talc-slate  at  Rossa  Grande\  forms  south- 
ward the  Serra  do  Tijuco  (Luiz  Soares).  Its  planes  of 
cleavage  range  from  east  to  west,  and — sometimes 
slightly  contorted — dip  30^-40*  south.  Of  either  a 
white,  j:  buff,  red,  or  brownish  tint  in. different  places,  it 
is  interlaid,  near  the  ridge  of  the  mountain,  by  a  broad 
band  of  leaden  hue ;  in  which  round,  spheroidal,  and 
angular  masses  of  smoke-coloured  quartz  cemented 
by  milk-white  or  colourless  quartz  form  subordinate 
layers;  these  are — as  at  Catta  Preta  ^ — traversed  in 
all  directions  by  minute  cracks  ||  and  flaws  without 
number.  But,  though  the  quartz  is  auriferous  and 
many  of  its  joints — filled  with  talc — are  faced  with 
gold ;  the  formation,  in  general,  is  poor. 

(6.)  At  the  Ckmara^  north-east  of  Gongo  Soco,  (PL 
IV.,  Figs.  1,  2,  3),  repeated  trials  have  been  made  in 
the  clay-slate  of  this  range.     Exhibiting  occasional 

*  Henwood,  Bywri  of  the  In^jtenal  BragUian  MSninff  AMaoe.^  zun,  (1847)  p.  6. 

t  Ante,  p.  178. 

{ <*  A  league  frem  Caet^  t  Tisited  a  gold  mine  *  •  *  in  which  the  gangue  was 
**  qnaits  traTening  dilorite  slate,  which  afterwarda  lost  ita  colour  and  became 
**  talc."—- CALSOLBuaHi  IVtmeit  in  South  America,  n.  p.  279. 

§  Ante,  p.  181. 

I  '*  Cette  roche  contient  des  nidi  (appel^f  par  lea  minenri  paneSaaJ,  et  dea 
**  petites  veines  d*une  matiire  blanche,  argileoae  et  talqueuse  (lithomarge  ?  ), 
**  dans  lesqueUes  se  trouTent  envelopp^s  p61e-m6le  des  criataux  pour  la  plupart 
**  briars  de  quarts.*'— Claussbn,  BuUeiint  de  VAeadimie  Boydle,  dee  Sciencee  de 
BrwseUee,  vnz.  Ire  partie  (1841),  p.  320. 
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flexures,  yet  OQ  the  whole  bearing  nearly  east  and 
west  aod  dipping  south, — the  lower  portions  are  of 
uniform  texture  and  brownish  hue,  whilst  the  upper 
parts  pro^nt  blue  and  homogeneous,  alternating  with 
yellowish-white,  siliceous  laminee. 

Quartz  and  earthy  brown  iron-ore  (gossan)  are 
thinly  spotted  with  gold  of  the  finest  quality  in  many 
isolated  beds,  which — from  a  mere  line  to  perhaps 
three  feet  wide,  and  from  a  few  feet  to  eight  or  ten 
fathoms  long — occur  throughout  the  formation  and 
accommodate  themseWea  to  all  its  undulations.  Some 
of  these  gradually  assimilate  to  the  rock,  others  end 
abruptly  *  at  its  joints ;  generally,  however,  they  re- 
appear on  other,  but  parallel,  lines  of  strike  towards 
the  right'haTid-t  {Fig.  14). 


•  "  In  one  put  of  their  ocnnt  all  the  kdf  of  Doieyiu  tennlnata  tbrnpllr ; 
■•  thtj  uc  howerei  rediieoiered  >t  >  diittne*  of  kbant  font  fsUtonu  lowirQa  Iho 
"  ligbt,  at  neMljr  right  anglee-" 

HlHWOOD,  Comieall  Oeol.  Trant,  i.  Taldt  LXXXIV. 

t  "  ntav*%  n«  genenllr  deteribed  M  toward*  the  rigU  or  h/t  hind,  because 

"  the  lame  exprenion  Mt*e>  on  approaching  the  inlenecling  vein  on  eithet  Me ; 

"  If  the  temii  north  and  louth  be  used,  it  miut  alao  be  sud  whether  it  is  np- 

*'  proaohad  from  the  cut  or  weat." 

Tboku,  Survey  of  tA«  Miaiag  Dafrict  bttwitn  ChacaoaUr  md  Cambomt 
(London,  1819},  p.  22,  IfaU. 


r 


1B4         W.  J.  Hen  WOOD,  on  the  Gold- Mines 

(c.)  The  homogeneous  greyish-blue  slate  of  Ouro 
FinOj  near  Palmital,  is  interlaid  by  a  bed  of  quartzose 
slate  from  two  to  eight  feet  in  thickness,  containing 
reniform  pieces  of  slate,*  mixed  with  globular  and 
spheroidal  masses  of  white  iron  pyrites,  which — as 
well  of  radiated  and  fibrous  as  of  concentric  lamellar 
structure! — aiFords  0*000014  its  weight  of  gold. J 

(d.)  For  more  than  a  century  before  Morro  Velho  § 
was  purchased  by  the  Saint  John  d'el  Rey  Company, 

•Mr.  Carne,  PMl,  J)rans„  zovni.  (1807),  p.  298 ;  ComMoaU  OeoL  JVmu.,  xi. 
p.  94.  Henwood,  Ibid,  v.  pp.  86,  72, 167, 183 ;  Tobies  XXXIV.,  LVIIL  Mr. 
Salmon,  Quarterly  Jour,  of  the  Geological  Society,  xtii.  p.  617. 

t  ComtDoU  QeoL  Trane.,  T.  Table  VI.  p.  183. 

%  John  George  Qoodair,  Eaq.  (sometime  proprietor  of  Ouro  FinoJ,  M88. 

f  In  1614,  the  mine  of  Morro  Velho ^  belonging  to  I>onna  Anna  Correira  da 
Silva— wrought  by  • .     24  freemen  and 

122  slaTes,— 
yielded  (4,633  oiiavae)  43  lbs.  6  os.  10  dwta*  10  grains  of  gold. 

TON  EsoHWBOS,  Pluto  SroeHiefme.     TabeUarieehe  Uebenieht  aOer  Qoitd' 
lavaraajeden  Districts  in  der  Provinz  Minos  Geraes  (1833),  xti. 

At  Morro  Velho  *'  the  gold  works  of  Padre  Freitas  are  situate  in  an  immense 
"  quebrada  or  ravine,  which  has  been  worked  almost  through  the  heart  of  a 
"  mountain  of  chlorite  slate,  intersected  by  quarts  veins,  in  which  the  gold  exists 
« in  combination  with  arsenical  and  iron  pyrites.  The  chlorite  slate,  which  is 
"highly  inclined,  also^contains  gold  in  proximity  to  the  veins,  and,  as  well  as 
« the  quarts  veins,  is  stamped.  The  walls  of  the  mine  are  encrusted  with  white 
"  acicular  crystals  of  sulphate  of  alumine.  •  •  •  The  ore  is  pounded  by  two 
"  stamping  mills  before  it  arrives  at  a  third  and  last.  The  larger  blocks  are  split 
**  by  means  of  gunpowder,  but  if  that  article  is  scarce,  they  are  heated  by  fire, 
**  and  water  is  then  thrown  over  them.  The  daily  produce  is  never  less  than  26 
'*'  oitavas  (2  os.  17  dwts.  16 J  grains)  and  it  generally  exceeds  30  oitavas  (8  os. 
**  9  dwu.  4  grains).  The  expenses  are  calculated  at  1|  oitavas  (8|  dwts.)  of  gold 
'*  per  week  for  each  slave  employed.  The  gold  seldom  exceeds  nineteen  carats  in 
**  fineness.  The  mine  had  been  constantly  worked  since  the  year  1726,  and  his 
"  father  had  bought  it  for  120  cruzados  (£19  :  12  :  10),  which  it  soon  repaid." 

€ai.dcleuoh,  Travels  in  South  America  (1826),  xi.  pp.  271-4. 

«  Der  didht  mit  Oerstrauch  bewachsene  Berg  lauft  von  Nord  nach  SUd  und 
*<  besteht  aus  demselben  grUnlichgraun,  violetten  und  rothlicben  Thonschiefer, 
"  wie  das  Ufer  des  Rio  das  Velhas  bei  Santa  Rita.  In  ihm  streichen  meistens 
-«  von  N.O.  nach  S.W.  Gauge  eines  grauen  dichten  Quarses,  der  neben  vielem 
'<  Schwefel-und  Kupferkies  auch  Gold  enthSlt.    Hie  und  da  wittert  aos  dem 
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and  had  become  in  their  hands  the  largest,  deepest,  and 
most  productive  gold-mine  in  the  world,  it  was  worked 
by  successive  native  proprietors  with  varied  results. 

(1.)  The  rock  is  clay-slate,  of  uniform  texture,  thick- 
lamellar  structure,  and,  mostly,  leaden  hue;  but  in 
some  spots  it  is  deep  brown  ;  and  a  few  thin  laminae — 
which,  perhaps,  contain  chlorite — are  dark  green.  Cer- 
tain quartzose  portions  are  crystalline;  and  at  one 
hundred  and  thirty  or  one  hundred  and  forty  fathoms 


**  Oestein  ein  Oemisohe  Ton  Alaun  und  schwefelsaurem  Kupfer  unter  der  Form 
'*  eines  weisslichgrauen  Palveri  auf.  Die  sogenannte  Mine  besteht  in  Gruben 
'*  und  Lochern,  aua  denen  das  goldreiche  Material  durch  Sprengen  and  durchNien 
'*  Hammer  gewonnen  and  von  den  Negern  in  Pochwerke  hinabgebracht  wird. 
t«  «  •  «  Dua  Gold  der  Mine  dee  Padre  Freitas  hat  wie  daa  der  benachbarten 
**  LavaroM  von  Congonhas  and  Itaubira  wegen  Beimengung  anderer  Metalle  nur 
*'  neaniehn  QuUatet;  die  Mine  entschadigt  aber  den  Eigner  durch  den  Beich- 
<•  thum  der  Ene,  und  gehort  zu  den  ergiebigsten  in  der  Provini,  denn  aie  soUin 
<•  der  letsten  Zeit  jahrlieh  funfiigtaosend  Cruiados"  (£6,697  :  18  :  4)  '*abge.> 
**  worfen  haben." 

TUN  Spix  und  TON  Mabtius,  Reiae  in  Brasilien  (1828),  n.  pp.  417-18. 

"  Congonhas  doit  sa  fondation  k  dee  mineurs  attires  par  Tor  que  Ton  trouTait 
^*  dans  les  alentours,  et  son  histoire  est  eelle  de  tant  d'autres  bourgades.    Le 
**  pr^cieux  m6tal  s*est  ^puisd ;   les  travauz  sont  devenus  plus  diffieiles,  et  Con- 
**  gonhas  n'annonce  aotuellement  que  la  decadence  et  I'abandon." 

Saint  Hilatke,  Voyage  dan$  le  district  dee  Diamane  et  eur  le  Uitoral  du 
Breeil  (1833),  i.  p.  169. 

"  The  mine  of  Morro  Yelho  *  *  •  had  been  worked  by  its  proprietors  for 
**  about  a  hundred  years  previously  to  its  being  bought  by  the  present  Company 
(«  •  •  •  which  first  commenced  operations  about  1830,  under  superintendence  of 
*<  Captain  Lyon,  the  northern  Toyager.  «  *  •  The  auriferous  vein  occurs  in  a 
"  grayish  coloured  slate ;  the  vein,  or  lode  itself,  consisting  of  a  kind  of  quartsose 
"  rock  mixed  with  a  considerable  proportion  of  carbonate  of  lime,  strongly  im- 
•*  pregnated  with  iron,  arsenical,  and  copper  pyrites ;  its  general  direction  is 
*'  from  east  to  west,  and  it  is  about  seven  fathoms  wide  a  little  to  the  west  of 
«•  the  central  workings,  at  which  point  it  divides  into  two  branches  that  run  to 
*'  the  westward,  while  other  two  extend  to  the  eastward ;  the  more  easterly 
i'  branches  are  those  that  have  been  worked  to  the  greatest  extent.  These  rami* 
**  fieations  gradually  diverge,  and  ultimately  take  a  N.E.  direction,  running 
"  parallel  to  each  other,  at  a  distance  of  about  a  hundred  feet.*' 

GAKDNsa,  Travels  in  Brazil  (1846),  p.  496. 
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deepj  they  become  highly  pyritic*  Within  short 
distances  of  the  (lode)  auriferous  deposit  the  slate  also 
contains  gold,f  but  seldom  or  never  in  quantities} 
sufficient  to  defray  the  cost  of  extraction. 

The  laminae  bear  generally  N.E.  and  S.W.,  and  dip 
S.E.  40''-70'' ;  §  but  they  are  much  curved  in  some  parts 
of  the  mine,  and  greatly  contorted  in  others.|| 
Three  series  of  joints,  bearing  respectively  about 

E.  and  W.,  ;%— 

40*^8.  of  E.and  N.  of  W.;«— and 

N.  and  S.  i%— 
traverse  the  whole  formation ;  but  they  are  not  alike 


*  Captain  Treloar.  RtporUofth^  Saint  John  <r«/  Rejf  Company^  xzix.  (1858) 
p.  28. 

t  Henwood,  CarnwoU  Geoi.  TVwu-,  vi.  (1844)  p.  145;  LtmtUM,  EdMurgh^  ^ 
Dublin  PhU.  Mag^  3rd  6erie«»  xxv.  (1844)  p.  343. 

X  "  Resting  on  the  north  hrctneh  in  the  Bahk  there  are  about  13,000  tone  of 
**  kiUt^  worth  perhaps  only  about "  (0*0000034  its  weight)  '*  one  mUna  "  (55*33 
grains)  "of  gold  per  ton." — Captain  Trbloar,  R^porU  of  the  Saint  John  iTol 
Rb^  Companjf,  xz.  (1849)  p.  13. 

'*  That  portion  of  the  ore  which  we  call  Black  or  dead  KUku  we  find  will  yield 
"  only  "  (0*00000212  iu  weight)  «  six-tenths  of  an  ottooa  "  (33*199  grains)  ^  of 
gold  per  ton." — ^Mbss&s.  Walxbr  &  Rbat,  Ibid,  xxir.  (1853)  p.  43. 

'*  651*2  tons  of  Killas  yielded  **  (55*099)  os.  Troy)  «•  478  oUawu  "  (0*00000249 
iu  weight)  '*  of  gold.'*— Mb.  Stxons,  Jbid,  xxvin,  (1857)  p.  47. 
"442*8  tons  of  Kilks  yielded "  (19*942  os.  Troy)  *' 173  oUavas"  (000000148 

its  weight)  "  of  gold. 
"272*8  H  •>  (23*515        „     )"  204  oitomu "  (0*00000264 

its  weight)  "of  gold." 
Ibid  XXXI.  (1860)  pp.  45-8. 

}  Henwood,  Comwdtt  Geol,  Trana,  ti.  (1844)  p.  143  ;  London,  Edinburgh,  % 
Dublin  Phil.  Mag.^  3rd  Series,  xxv.  (1844)  p.  341. 

"  The  cleavage  planes  bear  about  north  36*  east,  and  dip  about  south  53**  east, 
*'  at  angles  bearing  from  44°  to  70°."— Captaiv  Tbbx.oar,  Beporte  of  the  Saint 
John  d^el  Beg  Company,  xxvii.  (1856)  p.  26. 

I  Ibid,  p.  27. 
^  Hen  wood,  Cornwall  QeoL  Trane.  n,  (1844)  p.  148. 
^  Capt.  Treloar,  Reporie  of  the  Saint  John  d'el  Reg  Compang,  xxtii.  (1856)  p.  26. 
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numerous  in  all  parts  of  it  Some  members  of  each 
series  maintain  their  slightly  undulating  courses  with" 
out  interruption  for  considerable  distances;  others — 
appearing  at  interyals — are  so  short,  that  it  is  difficult, 
if  not  indeed  impossible,  to  classify  them ;  whilst  great 
numbers, — of  which  there  had  been  no  previous  trace, 
— appear  when  the  rock  is  broken.* 

(2.)  In  position  the  metalliferous  deposit  coincides, 
sometimes  with  the  laminaa,  sometimes  with  the  jointsf 
which  traverse  them;  J  and  thus-r-presenting  many 
sudden,  and  apparently  capricious,  flexures — it  assumes 
the  character,  of  a  bed  in  some  places,  but  of  a  vein 
(lode)  in  others  ;§ — its  contour,  however,  resembles,  in 
some  measure,  that  of  the  mountain  ||  wherein  it  is  so 
largely  and  successfully  wrought.      Different  names 

«Dr.Boa8e,  ComwaU  QeoU  Trans. ^  iy.  (1832)  p.  499.  ICr.  Enys,  London 
4  Edmburffh  Phil,  Mag.  N.8.  xi.  1833,  p.  322. 

t  '<  At  the  Wui  Quebra  PaneUa,  throughout  the  Bahii  mine,  and  in  the  West 
**  and  Middle  Caehoeira  the  main  body  of  the  metalliferous  maas  traverses  the 
**  lines  of  lamination  in  the  containing  rock,  but  at  the  East  Cachoeira  it  curveB 
*'  so  rapidly  towards  the  north,  that  at  its  eastern  extremity  it  runs  almost  paral- 
"  lei  with  the  lines  of  lamination." —  Captain  Tbsi,oab,  Reports  of  the  Saint 
John  d^el  Bey  Company^  xx.  1849,  p.  7  ;  Ibid,  xxtiii.  1857»  p.  28, 

X  "  The  large  veins  often  correspond  with  the  seams  of  the  layers  of  rocks,  and 
'*  the  smaller  ones  with  those  of  the  component  blocks  and  laminie  of  these 
"  layers."— Dk.  Boabb,  Cornwall  Geol.  Trans.,  it.  1831,  p.  448. 

§  **  Veins  cross  the  strata  and  have  a  direction  different  from  them  •  •  •  beds 
'*  have,  on  the  contrary,  a  similar  direction  to  the  strata  of  the  rock ;  and,  instead 
"  of  crossing,  run  parallel  to  them." — WBaiiBa,  Neto  Theory  of  the  formation 
qf  Veins  (Anderson's  Translation),  p.  3. 

<*  Sometimes  the  same  vein  intersects  in  one  place  those  strata  to  which  it  is 
'*  parallel  in  another.  In  such  cases  it  becomes  sometimes  difficult  to  distinguish 
''between  a  vein  and  a  stratimi." 

D&.  Macculloch,  Classification  of  Bocks,  p.  115. 

Mr.  Taylor,  Beports  of  the  British  Association^  1833,  p.  2. 

I  Henwood,  Cornwall  Oeol.  Trans,,  ti.  1844,  p.  143 ;  London,  Edinburgh,  Sj 
Dublin  PhU.  Mag,,  3rd  Series,  xxy.  1844,  p.  342.  Captain  Treloar,  Beports  of 
th0  Sami  John  d'el  Bey  Company,  zx.  1849,  p.  7 ;  Ibid,  zziz.  1868,  p.  29. 
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distinguish  the  formation  in   various  parts*  of  its 
crooked  course ;  viz. — 

Name.  Direction.f  Bip.f 

West  QuehnPanella S'-S'^S.of  E.&N.of  W S.J 

East  QuOra  Pandla 10"-20"S.of  E.&N.ofW.  ...  N.  79.** 

Out    10'N.ofE.&S.ofW.-E.&W.  S.  75% 

Baku  or  Bunch 40^-50'  S.  of  E.  &  N.  of  W.    |  g  "^"  g^*; 

Bar  5M5'  E.of  N.&  W.of  S....  £.• 

West  *  MiddU  Cachoeira.  10''-20"  S.  of  E.  &  N.  of  W. ...  N.  82*-^9'. 

East  Cachoeira 10"-20*'N.of  E.&S.of  W. ...  S.62% 

^3_,M.   j  W 10^-20'  S.  of  E.  &  N.  of  W. )    Q 

^^^"'^  |e 10^-20' N.  of  E.  &  S.  of  W.  f  ^ 

North  Branch   10^-25'*  N.  of  E.  &  S.  of  W. ...  &  68'.§ 

The  mean  bearing  is  about  5"*  N.  of  E.  and  S.  of  W.|| 

Owing  as  well  to  a  diifereuee  of  figure^  in  the 
metalliferous  mass,  as  to  the  jagged  sides  of  certain 
newly  opened  parts  remaining  unstripped,  **  the 
deeper  works  present  fewer  irregularities  of  outline 
and  maintain  a  straighter  course  (PL  III.)  than  those 

near  the  surface. ft  ( 

(3.)  Throughout  its  range  the  metalliferous  mass — 
conforming  as  often  to  the  jointed  as  to  the  schistose 
structure  of  the  adjoining  rock — exhibits  changes  alike 


*  **  We  have  three  mines — ^the  Bahu,  the  Cachoeira,  and  the  Oamba.  The  first 
"  two  are  on  the  main  lode,  the  last  is  on  an  off-shoot.'* — Captaik  Tumuoar, 
Beports  of  the  St.  John  eTel  Bey  Company ,  uviix.  1857,  p.  27. 

t  Captain  Treloar,  MSS. 

X  Captain  Tre\oKt,\Reportt  ofth$  St,  John  d^el  Bey  Company^  zxin.  1852,  p.  84. 

$  Ihid^  zxi.  1850,  p.  21. 

II  In  general  direction  the  lode  **  where  wrought  approaches  to  east  and  west." 

Ihidy  xxTii.  1856,  p.  26.  J 

^  '<  The  figure  of  the  lode  in  the  Bahii  is  altering  •  •  •  and  its  aspect  is  ' 

"  improving  "— /6«,  xix.  1848,  p.  28.  ' 

••  <«  In  Buch  a  crooked  and  jagged  lode  a  great  deal  of  kiUas  most  necessarilj  , 

«  be  broken." — Mb.  Ubbbino,  Ihid^  xvi.  1845,  p.  37.  ( 

tt  Henwood,  Cornwall  Geol.  Tran$.  vi.  PI,  I, 
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numerous,  and  sudden  in  underlie*  and  direction. 
The  richer  portions  dip  generally  65* — 80';  but 
(branches)  subordinate  parts  often  incline  at  lower 
angles. 

(4.)  Bounded  on  opposite  sides  by  unconformably 
shaped  (walls)  faces  f  of  slate,  the  metalliferous  de- 
posit presents  many  differences  in  form  and  width 
(Tahk  VI.  PL  III.). 


* 

Depth, 
fins. 

width. 

A 

Name. 

f 

Greatest, 
ftet. 

Bmalleet. 
flaet. 

fMt. 

West  and  East  Qudfra  Pandh 
Out    

•••{ 

89 
90 

89 

61 
148 

16-5§ 
81-7 

66' •• 

2t 

20-7 
2-6  If 

}ll-6 

26-21 
}28. 

BoJmot  Bunch 

•••{ 

•  «  Sometimes  the  lode  inclines  towards  the  north,  at  other  times  towards  the 
"  south." 

Captatn  TnvLOJLB,  lUporis  of  the  Saini  John  tTel  Bey  Company  ^  zz.  1840,  p.  ff . 

**  At  the  Etui  Cachoeira  •  •  •  owing  to  the  hardness,  contraetedness,  and 
"  serpentine  figure  of  the  lode,  we  are  under  the  necessity,  in  order  to  avoid 
**  leaving  behind  us  dangerous  projecting  masses  of  the  containing  rock,  and  for 
'*  advantage  of  quarrying,  of  keeping  the  excavation  18  feet  wide  in  some  places 
**  where  the  lode  is  only  11  feet  8  inches."-— /Mi,  zxv.  1854,  p.  30. 

«  In  underlie  the  lode  varies  from  south  to  north,  but  averages  88"*  towards  the 
**  south  •  •  •  seventy  fathoms  from  the  out-crop  it  widened  generally,  and  the 
'*  lengths  of  the  different  sections  remained  the  same.  *  *  *  In  the  next  SO 
**  fathoms,  vertically,  the  figures  of  the  sections  greatly  changed ;  and  the  lode 
**  incUned  more  south,  widened  at  one  locality  contracted  at  another,  and  poor 
"  white  quartsose  matter,  invading  it  on  the  west,  shortened  the  stoping  ground.'* 

Ibidf  xxvn.  1856,  p.  26. 

"  From  the  surface  down,  about  80  fathoms  on  the  dip,  the  Bahu  is  north  of 
*<  the  Cachoeira  ;  but  in  the  next  70  fathoms,  owing  to  enlargement  of  the  lode 
«  and  local  inflection,  it  becomes  south." — Ibid,  xxTin.  1867,  p.  28. 

t  Henwood,  Cornwall  Geol.  2Va9M,  v.  pp.  195-204.    Ante,  p.  131. 
{Mb.  Herrmg,  Reporte  of  the  Saint  John  d'el  Bey  Company,  xiii.  1842,  p.  31. 

§  Captain  Treloar,  Rid^  xxv.  1854,  p.  26.      I  Captain  Treloar,  HSS. 
^  Captain  Treloar,  Reports  of  the  Saint  John  d^el  Bey  Con^fony,  ZYi.  1845,  p.  17. 

«*  Itfid,  zxsi.  1860,  p.  40. 
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Bar 


West,  Middle,mdEa8t  Cachoeira  i 
Chanba    


North  Branch 


{ 


94 

27 
141 

19 
42 

74 
85 


24- 
47-  t 

iJTl 
7-f 


15- • 

1-6  t 

0-3  § 


18-5 

}l8'2 

I  S'l 
1  6-9 


At  different  depths  the  average  widths  of  Tarious 
parts  have  been — 


Depth. 

The  Bahk  or  Bunch, 
feet. 

The  We$t,  Middle,  &  East 
Cachoeira. 

feet. 

Surface  to  50  fms.  •#* 

20-1        

11«7 

50—100    

2M        

22-6 

100— -150    ••     ••• 

89-8  tt   ...... 

24-8 

•  ••••••••    V«/  V     1  1        •••••• 

(5.)  The  formatioD,  thus  irregular  in  direction,  dip, 
and  dimension,  is  chiefly  composed  of  quartz ; ;{;:]:  in 
which,  however,  well  defined  angular  masses  of  slate 
are  often  enclosed.  The  smaller  ones  are  rather  ir- 
regularly distributed ;  but  the  larger  often  correspond 
with  the  neighbouring  (country)  rock  in  lamination, 
and  sometimes  in  jointed  structure  also. 

Many  such  slices  of  slate  are  disposed  lengthwise  in 
the  quartz. 

*  Captain  Treloar,  JReporte  of  the  Saint  John  d'el  Rey  Compan/y^  zzin.  1852,  p.  28. 

t  Mr.  Herring,  Rid^  zt.  1844,  p.  11. 

X  Captain  Treloar,  Ihid,  xxzi.  1860,  p.  38.    §  Mr.  Herring,  Ibid^  zy.  1844,  p.  24. 

II  Captain  Treloar,  Ibid^  xxTin.  1857»  p.  41. 

%  Ibid,  zz.  1849,  p.  8.        ••  Vnd,  zzii.  1851,  p.  26. 

tt  At  and  below  74*8  fmi.  the  works  have  included  the  North  Branch. 

Ibid,  zz.  1849,  p.  10. 

•* ''  At  the  Bahu  the  lode  is  composed  of  quarts,  killas,  and  pyrites  in  about 
<'  equal  proportions." — Ibid,  zzyn.  1856,  p.  27. 

**  The  matriz  of  the  lode  is  quarts."*- i5uf,  zziz.  1858,  p.  28 ;  zzz.  1859,  p.  26. 


of  Mxnaa  GeraJis,  in  Brazil.  191 

(5—1.)  The  North  branch  (Fig.  14, 6';— part  of  the 
Gamba  lode* — is  severed  from  the  great  metalliferous 
deposit  (h)  by  (the  tongue  of  killas  'f)  a  wedge-shaped 
mass  of  slate  (4) ;  the  lamiDte  of  which  maiatain  the 
same  position  as  those  of  the  neighbouring  rocks  (a) ; 
but, — traversed  by  fewer,  yet  broader,  joints,^ — are 
softer  and  more  disintegrated  than  they.  Dipping 
53'§ — 66*11  towards  the  south,  and  broadest  at  the 
surface,  its  width, — for  about  one  hundred  and  forty 
fathoms  deep, — is  nowhere  more  than  fifteen  or  less 

Fig.  14.  Mosxo  TSLHO.     TVafUMTM  Stdiont. 


a  Back  (Country)  •>(  cUy  ilate. 
k  Ttmgtit  (hone)  balween  fforih-brtauA  uid  gnit  tnataUIfbiont  dspoilt. 
■  I^miDB,  whieb — eommDn  to  Coimtry  uid  horn — Intsnwit  1>oUt  Norih-braitek 
and  piindpU  meulUfBroni  dspinit. 

b  MetalUferoiw  depcuit.         &'  NortMnmeh. 


•  Henwood,  Cemioall  Geel.  Tnmt.,  Tl.  p.  114 ;  XodAm,  EdaOurgK,  4  DhUui 
Phil.  Jioff.,  Sri  Sena.xxr,  p.  343,  CipUlaTitlou,  A<por<io/fA<  SOAtf  JMn 
til Bty  Compan9,xxxil.  I8S2,p.27. 

t  Captain  Trelow,  Ibid,  zxn.  ISSl,  p.  2fi. 

tAt^zxi.  18M,p.  31;  uu.  1S31,  p.  26.        {iUif,  ui.  1B60,  p.  31. 

I  Antt,  p.  188. 

FP 
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than  four  feet*  At  that  depth,  however,  it  widens ; 
and  some  of  its  laminas  (a  a  a)  extending  across,  and 
entirely  cutting  through,  the  North-hranch  (b')  on  one 
side  and  certain  portions  of  the  great  metalliferous 
band  (b)  on  the  other,  are  prolonged  into,  and  — 
retaining  throughout  their  normal  inclination  40*-70* 
south-east  f — ^form  integral  parts;}^  of,  the  (wall)  rock- 
formation  (a  a)  beyond. 

It  is  both  easier  and  cheaper  to  remove  than  to  prop§ 
this  thin,  sloping  slice  of  soft  and  jointed  rock. 

(5 — 2.)  At  different  depths  and  unequal  distances 
in  the  Ckampion-graund^l  the  Quehra  Panella,^  the 

•  Captain  Treloar,  BtporU  of  the  Saint  John  eTel  Rey  Conypany,  xx.  1849.  p.  3  ; 
zzi.  1860,  p.  21;  zxzi.  1851,  pp.  25, 26;  xzni.  1852,  p.  27;  xxyzi.  1856,  p.  35. 

t  Ante,  p.  188, 

X  "  The  tongae  i eparating  the  North  branch  from  the  Main  lode  has  thickened, 
"  and  portions  of  it  ihoot  through  the  lode  to  as  to  form  a  junction  with  the 
*•  walls."—  Captatk  Tbbloab,  JSeporU  of  the  Saint  Jdm  tTel  JRey  Coa^pauy^ 
xxTiii.  1857,  p.  89. 

{  By  embracing  both  the  lode  and  the  North  branch  in  the  same  opening,  we 
*<  not  only  add  to  our  stoping-ground,  and  facilitate  the  quarrying  in  the  Gut, 
«  but  *  *  *  we  are  enabled  to  aToid  a  great  deal  of  expensiTe  timber-work, 
*'  which  otherwise  would  be  entailed  on  us,  to  support  the  tongue  of  killas  rest- 
*'  ing  on  it."— /Md:,  xxiix.  1852^  p.  27. 

I  In  the  ChampiofirgroHnd  at  the  tram  lerel  the  lode  was  **  diyided  by  a  bar  of 
**  killas ; "  of  which,  at  twenty  fathoms  deeper,  there  was  «  only  a  film." 

i  lUd,  xxzT.  1853,  p.  80. . 

Y  **  At  about  46  fkthoms  deep  a  shear  of  killas  crosses  the  lode.'* 

CAPTAnr  YBBSAir,  Ibid,  xr.  1844,  p«  28. 

In  the  Quebra  PaneOa  a  bar  of  killas,  which  at  about  flfty-flte  fathoms  deep 
is  45  feet  wide^  diTides,  but  does  not  displace,  the  lode. 

Captain  Tbbloab,  Ihid,  XTxn.  1847,  p.  20 ;  zix.  1848,  p.  25. 

**  Some  bars  of  quartsoee  killas  which  used  to  trayerse  the  lode  haTS  dis- 
**  appeared.*»-.i&ui,  xx.  1849^  p.  15. 

"  At  the  eastern  part  of  the  Eagt  Quebra  PaneXta,  bars  of  killas  shoothig 
"  nearly  across  the  lode  have  presented  themselTes."— /Mi,  xxi.  1850,  p.  82. 

«  The  lode  is  •  •  •  dhridedby  &bar  of  killaa."-*i»ui,  xxu.  1851, p. 30. 

'*  The  ground  *  *  ^  consists  of  alternate  bars  of  lode  and  killas." 

Ibid,  xxT.  1854,  p.  27. 
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Bahit,^  and  the  Oamhaj^^  irregular  bars  of  -the  thick 
lamellar  day-slate  which  forms  both  (walls)  sides^ 
extend  in  some  places  partly,  but  in  others  entirely, 
across  the  metalliferous  vein-stone. 

(5 — 3.)  The  chief  metalliferous  deposit  and  the 
Narth'branch — united  at  the  Quebra  PaneHa^  a  west- 
em  part  of  the  mine,-*-are,  in  like  manner,  severed  j: 
by  certain  slightly-inclined  laminss  of  clay-slate; 
which, — at  about  one  hundred  and  ten  fathoms  from 
the  surface, — ^interlie  and  form  portion  of  the  adjoining 
(Country)  rock  on  both  sides  (walls) ;  but — ^gradually 
diffused  through  the  quartzose  vein-stone — they  oc- 
casion neither  vertical  nor  horizontal  displacement 

Thus,  the  laminae  which  form,  and  the  joints  which 
bound,  the  included  (tongue  of  killas)  slice  of  slate, 
not  only  maintain  an  exact  coincidence  with  those  of 
the  neighbouring  (Country)  rock ;  but,  in  one  place 
at  least,  the  sameyb/io?— severing  both  the  intervening 
masses  of  auriferous  vein-stone — ^interlie,  and  form 

*  "  A  bed  of  quartxose  slate  slightly  charged  with  iron  pyrites  separates  the 
*'  Bah^  from  the  WB9tem  Caehoeira" — HEmrooD,  Cornwall  GaoL  Trans,  ti. 
p.  U4. ;  London^  Edinburgh  ^  DybUn  Phil,  Mag,,  3rd  series,  xxt.  1844,  p.  342. 

*'  Between  the  Bahk  and  the  Caehoeira  a  bar  of  ground  interTenes,  composed 
"  chiefly  of  lody  matter  and  killas.  Its  thickness  varies  from  15  feet  in  some 
"  places  to  24  feet  in  others."-— Captain  Trbloab,  Eeporta  of  the  St,  John  d^el 
JteifCompan^fTiLin,  1852,  p.  28;  xxx.  1859,  p.  27. 

t  The  QambA  lode  at  24*5  fathoms  deep  "  was  at  one  place  actually  dlrided  by 
"  kUlas/'  but  at  a  depth  of  29  fathoms  it "  presented  only  a  tplioe  with  no  killaa 
"  interrening."— /ditf,  XTii.  1846,  p.  20. 

t  hi  about  110  fathoms  deep  in  the  East  Quebra  Panella  a  portion  of  the  lode 
which,  from  the  surface  downward,  had  been  especially  quartzose,  was  unseated 
by  killas ;  but^ — after  exciting  some  apprehension— this  was  ultimately  found  to 
be  merely  a  thin  layer,  underneath  which  appeared  hard  quartzose  matter  resem- 
bling the  Cornish  miner's  «<  Capel.*' 

Ibid,  xxiT.  1853,  p.  32 ;  xxv.  1854,  p.  26 ;  xxti.  1855,  p.  33. 
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constituent  portions,  as  well  of  the  enclosed  slice,  as  of 
the  slate  fonnation  on  either  side.  In  many  cases,  also, 
the  identical  laminae  which  sever  the  quartzose  matrix 
in  some  places,  are  severed  by  it  in  others ;  phenomena 
nowhere  common,  yet  not  unexampled*  in  the  tin- 
lodes  of  Cornwall. 

(i.)  Transitions  so  abrupt  and  immediate  as  these, 
are,  however,  neither  of  constant  nor  even  common 
occurrence  at  the  contact  of  either  containing  rocks 
(walls) J  included  slices  (horses)^  or  smaller  embedded 
masses  of  slate,  with  quartzose  vein-stones ;  but,  con- 
trariwise, the  two  are  often  so  intimately  mixed,t  that 
the  prevalence  of  one  or  other  ingredient  is  indicated 
by  a  mere  difference  of  hue.  Sometimes,  however, 
both  sudden  and  gradual  transitions  occur  within  very 
narrow  limits. 

Quartz,  quartzose  slate,  and  slate  in  smaller  quanti- 
ties, are  mixed  with  pyrites;  which, — assuming  in 
different  places  most  of  the  modes  already  described,;}; 
— forms,  in  some  cases,  great  part  of  the  deposit.  To 
about  one  hundred  and  twenty  fathoms  from  the 
surface,  common,  magnetic,  and  white  iron  pyrites 
prevail ;  §  but  at  greater  depths  arsenical  pyrites  also 

—  -  -  — -■--  I  I  ■  -  ■  II 

•  Henwood,  ComtoaU  Geol,  TVoim.,  t.  p.  326;  Tdblea  XIV.,  XLIIL,  LIL 

t "  The  connexion  between  the  metalliferous  mass  and  the  contiguous  rock  is 
'<  by  a  gradual  transition ;  the  pyritous  matter,  which  prevails  iu  its  central  por- 
"  tions,  being  progressively  replaced  by  quartsose  and  slaty  substances  towards 
"  the  sides." — Hbnwood,  Cornwall  Oeol,  Trans,,  vi.  p.  144 ;  London,  Edinburgh, 
and  Dublin  Phil,  Mag.,  xxv.  1844,  p.  342. 

J  Ante,  pp.  6,  76. 

§  von  Spix  und  von  Martius,  Meise  in  Brasilten,  ii.  p.  417.  Calddeugh,  Tnweh 
in  South  America,  u,  p.  271.  Henwood,  Cornwall  Geol,  TVans,,  vi.  p.  144; 
London^  Edinburgh,  and  Dublin  Phil,  Mag,,  xxv.  1844,  p.  342.  Captain  Treloar, 
Reports  of  the  St.  John  d'el  Key  Company,    Passim, 
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abounds.*  Isolated  masses  of  yellow  copper-ore  f  oc- 
cur at  intervals,  but  they  are  neither  large  nor  numer- 
ous. In  different  parts  of  the  mine  open  joints  whence 
inflammable  gas:{;  has  sometimes  issued,  and  drusy 


*  Calddeuglx,  Trav^  in  South  America,  lu  p.  271.  Hen  wood,  Corntaatt  Qeol. 
Drans,f  TT.  p.  144. 

"  The  quartzose  matter  is  frequently  interspersed  with  small  bunches  of  arseni- 
cal and  copper  pyrites." — Captain  Trbloab,  Reports  of  the  Saint  John  d'el 
Rey  Company f  xxyi.  1855,  p.  32. 

"  The  arsenical  pyrites  has  increased  in  quantity,  especially  in  the  quartzose 
"  portions."— i^M^,  xxvii.  1866,  p.  57. 

'*  The  gold  is  chiefly  associated  with  arsenical  pyrites." — Ibid^  p.  35. 

"  At  the  Bahu,  arsenical  pyrites  not  only  maintains  its  hold,  but  the  quartsose 
"  portions  in  particular  are  becoming  more  highly  charged  with  it ;  and  the  aurif- 
*'  erous  property  of  such  localities  is  very  satisfactory.  *  •  •  We  have  entered 
'*  a  zone  where  the  predominating  elements  of  the  lode  are  quartz  and  arsenical 
'*  pyrites  instead  of  quartz  and  iron  pyrites.'* — Ibid,  xxviii.  1857^  p.  31. 

*'  When  common  iron  pyrites  was  in  the  ascendant  the  lode  had  somewhat  the 
**  appearance  of  plumbago :  but  when  the  requisite  leayen  of  quartz  presented 
<*  itself,  it  brightened,  and  arsenical  pyrites  became  more  plentiful." 

Ihid,  XXXI.  1860,  p.  28. 

t  Ton  Spix  und  Ton  Martius,  Beiae  in  Braailien  ii.  p.  417.  Henwood,  Comtoall 
Geol.  TroM,,  ti.  p.  144 ;  Londont  Edinburgh^  S5  Dublin  PhU,  ^og^  xxt.  1844, 
p.  342.  Captain  Treloar,  Reports  of  the  Saint  John  d*el  Rey  Company^  xxvi, 
1855,  p.  32. 

X  **  While  a  hole  was  being  bored  at  the  south  or  hanging-wall  side,  close 
"  to  the  junction  of  the  lode  and  the  enclosing  rock,  at  104  fathoms  from  the 
**  surface,"  in  the  Cachoeira  mine,  **  a  pale  blue  flame  issued  from  it.  On  re- 
"  moving  the  borer  the  flame  rose  to  a  height  of  ten  or  twelve  inches,  and  con- 
*'  tinned — as  it  were — to  ebb  and  flow  for  about  a  minute,  and  was  then  gradually 
*'  extinguished.  On  applying  a  light  to  the  hole,  after  the  lapse  of  a  few  minutes, 
"  the  flame  re-appeared,  but  more  feebly  than  at  first." 

*'  The  light  being  put  out,  the  hole  was  blasted  with  gunpowder  and  disclosed 
"  a  bunch  of  quartz  of  about  a  fathom  in  length  by  six  inches  in  width,  full  of 
"  vuyhSy  and  running  transversely  to  the  planes  of  the  containing  rock." 

"  The  apertures  were  carefully  plugged  with  clay,  and  a  second  hole  was  bored 
"  deeper  than  the  first  had  reached  *  *  *  and  the  hole  itself  was  in  like  manner 
**  closed.  On  making  an  opening  of  about  one-eighth  of  an  inch  in  diameter  in 
"  the  clay  which  filled  the  mouth  of  the  hole  and  applying  a  light  to  the  aperture 
"  on  the  following  morning,  a  flame  almost  like  a  jet  of  coal-gas  rose  some  four 
*'  inches  high.  Near  the  oriflce  its  colour  was  pale  blue,  but  at  the  top  it  was 
*'  yellow.  Once  only— when  the  flow  of  gas  was  not  plentiful — a  slight  explosion 

took  place." 


(t 
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cavities,*  most  frequent  near  the  surfieuse,  are  often 
lined  with  crystals  of  quartz,  arragonite,  and  spathoee 
iron. 

Quartz  is  the  general, — quartzose-slate  a  less  fine- 
quent,^-and  slate  f  an  uncommon  and  a  mere  casual 
matrix  of  pyrites. 

The  quartz,  however,  is  seldom  or  never  more  than 
slightly  auriferous ; :];  nor,  indeed,  is  the  pyrites  itself 
often  rich;§  yet  a  mixture  of  quartz  with  pyrites 
forms, — in  the  deeper  parts  of  Morro  Velho  at  least,—- 

**  No  odour  of  garlic  was  peroeptn>le  doling  tlw  oombogtion,  nor  wu  any  da- 
'*  posit  left  on  poreelain  held  oyer  it." 

Captaut  Treloia,  CcmwaU  GeoL  Dram.  TU.  p.  tiff ;  BeporU  qf1h$  Smmi 
John  tTel  Rtif  Company ^  xzix.  1868,  p.  84. 

*'  A  little  gas,  similar  in  kind  to  that  noticed  at  the  Caehoeira,  issued  from  a 
**  fissure  "  in  a  less  cellular  part  of  the  lode,  about  150  fkthoms  deep  in  the  Bahu 
mine.— i&»i,  zzz.  1859,  p.  37. 

*  Henwood,  ComwM  Oeol,  Trang,,  vi.  p.  144 ;  London,  Edinburgh,  ^  Dublin 
Phil.  Mag.  zzT.  3rd  series,  1844,  p.  842.  Ciq;»tain  Tteloar,  R^^orU  of  tk$  SaikU 
John  d'sl  Reg  Con^fong^  xm.  1846,  p.  18;  zx.  1849,  p.  3;  zxi.  1850,  p.  20 ; 
zxTi.  1851,  p.  25 ;  zzin.  1852,  pp.26,  31 ;  zztxt.  1856,  p.  27. 

t "  Besting  on  the  North  branch  in  the  Bahu  •  •  •  there  are  about  13,000 
*'  tons  of  killas,  worth  perhaps  only  about  one  oitara"  (55*33  grains  or  0*00000353 
its  weight)  "  of  gold  per  ton.*'— /5uf,  xx.  1849,  p.  13. 

"  We  have  commenced  systematicallj  separating  and  rejecting,  for  the  present, 
"  that  portion  of  the  ore  which  we  caU  '  Black,  or  dead  Killas,'  and  Which  we 
"  find  will  yield  only  0*6  of  an  oitaya  per  ton  "  (33*198  grains  or  0  00000212  its 
weight)  **  of  gold."— MB8BR8.  Wajjlbr  &  Beat,  Ihid,  xxiv.  1853,  p.  48. 

X  "  One  sample  from  the  quarts  yielded  by  assay  at  the  rate  of  0*56  oitava  of 
<'  gold  per  ton  "  (31*08  grains  or  000000198  its  weight). 

Captain  Tsbloab,  Ibid,  zzrr.  1853,  p.  26. 

{ *'  At  the  Cachoeira  mine  the  lode  has  *  *  *  greatly  improved  in  its  pyrit- 
"  iferous  character,  but  hitherto  no  corresponding  amendment  has  occurred  in  its 
"  auriferous  property.*' — Ibid,  zxvi.  1855,  p.  25. 

"  Neither  the  pyritic  contents,  nor  the  average  sise,"  of  the  lode  "  has  erer 
•<  been  equalled ;  yet  its  auriferous  character  was  never  at  so  low  an  ebb." 

Ibid,  zzvii.  1856,  p.  26. 

**  The  pyritic  aspect  of  the  lode  continues  too  good." 

Ibid,  XXTUI.  1857,  p.  36. 
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the  most  congenial  matrix  *  of  gold  ;  but«  even  within 
compass  of  a  few  fathoms,  the  proportions  of  these 
ingredients  are  rarely  constant 

The  different  qualities,  prevalent  in  the  adjoining 
parts  of  the  mass,  are  shown  by  (Table  Vlfi*)  month- 
ly assays  of  average  samples.  From  these  we  learn 
that  the  produce — 

of  eonseeatiTe  months  haa  differed  (from  0*0000250  to  0*0000349)  0*0000099 


k 


„  montiieinthesame  >         ^^         ^  ^^     0*0000229  „  0-0000367) 00000138 

^^j^nm^^!.  T.\      "      f  "   00000145  „  o-oooo867)  0*0000222 

during  the  same  period  has  aTeraged. .  •  •  (858  grains  to  the  ton)  0-0000229 

whilst  the  mean  of  eTcry  assay  from  1837  \  ,*>a*r  \  a-aaaaoo^ 

to  1860  has  been ]  ^^^'  "  )  0-0000284 

the  weight  of  ore.t 

Whilst  some  parts  of  the  formation  afford  mere 
traces,  others  contain  as  much  as  (52  oitavas  or  2877*16 
grains  per  ton)  0'0001835  their  weight  of  gold4  The 
pyrites,  however — less  equably  distributed  at  great 
depths,  than  near  the  surface  § — is  often  more  richly 
impregnated  when  aggregated  in  isolated  masses  than 
when  thoroughly  diffused  through  the  vein-stone. 

*"Bxperiencehas  *  *  *  demonstrated  that  a  saperabnndanoe  throughout  of 
**  pyrites  is  as  antagonistic  to  gold  as  a  preponderance  of  quarli.  The  latter 
*'  may  be  described  as  the  soil,  the  former  as  the  manure ;  so  both  are  essential 
**  to  the  derelopement  of  gold ;  but  when  either  is  too  much  in  excess,  the 
"  auriferous  property  of  the  lode  is  impoTerished/'-^i^uf,  xzx.  1859,  p.  25. 

"  A  superabundance  of  pyrites  is  obstructive  to  the  dcTclopement  of  gold  as 
"  proAimon  of  quarts."— i&uf,  xzxi.  i860»  p.  28. 

t  Table  VJI^  column  11. 

}  *'  A  sample,  taken  from  the  bunches  of  pyrites  in  the  quartsose  portion  of 
^  lode  yielded  at  the  rate  of  52  oitovas  of  gold  per  ton."-- Captaih  Tbbloab, 
SeporU  ol  th§  8ami  John  tTel  Bigg  Campmtf,  zziy.  1853,  p.  26. 

}  *'  The  lode,  taken  as  a  whole  is  maintaining  its  sise,  and  its  auriferous  quality 
"Is  equal  to  what  H  was  in  our  former  prosperotn  days;  but  the  precious  metal 
**  Is  not,  I  beUcTe,  to  generally  disseminated  in  it,"— iMf,  xzxx.  1800,  p.  27. 
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The  quantities  of  gold  extracted  have  also  differed, — 

in  consecuttye  months    (from  0*0000208  to  0*0000232)  0*0000024  ;— 

within  the  same  year (  „     0*0000112  „  0*0000169)  0*0000057  ;— 

from  June,  1855,  to  Dee.,  1860,  (  „     0*0000093  „  0*0000232)  0*0000139 ;  bat 
the  average,  meanwhile,  has  been  ....  (209*65  grains  per  ton)  0*0000134 

the   weight  of  ore  crushed,   washed  (dressed),   and 
amalgamated  (Table  VI.^J, 

besides (8*322  grains  per  ton)  0-00000053 

afterwards  obtained  by  again  treating  the  same  ore 
(on  the  Praia  *). 

From  1838  to  1860  the  mean  yield  was  219*75  grains  per  ton,  or  0*0000140 

the  weight  of  ore. 

By  ordinary  (dressing)  treatment,  however,  different 
quantities  of  gold  are,  at  times,  extracted  from  ores 
which  give  the  same  assay.  The  following,  with  many 
other,  examples  occur  in  Table  VI.^ 


Date. 


1858,  December.. 

1859,  AprU     .... 


1856,  July 

1857,  March  .... 

1856,  April 

1857,  February  •  • 

1858,  August.... 

1860,  February  . . 
„    March 


GOLD. 


Qralns  of  gold 

per  ton  {Avobr,) 

of  ore. 


ProportiOB  of 
gold  in  ore. 


.  •  •  • 


1860,  January  .  • 
„  August, ... 

1855,  7 months.. 
1860,  whole  year  . 


814-108 
314*440 

315*768 
815-564 

318*645 
318*756 
318-700 

405*458 
405*956 

424*381 
424*159 

431*020 
433*565 


0*0000200 
0-0000200 

0-0000201 
00000201 

0*0000203 
00000203 
0  0000203 

0-0000259 
0*0000259 

0*0000270 
0*0000270 

0*0000274 
0*0000276 


Actual  yield. 


Grsini  of  gold 

per  ton  (Avoir.) 

of  ors. 


173-514 
169*641 

190*113 
172*740 

193*821 
182*754 
168*922 

272*555 
300*995 

261*323 
290*925 

217*321 
292*976 


Proportion  of 
gold  In  ore. 


0-0000111  ) 
00000108  5 

0*0000121  ) 
0*0000110  i 

0*0000124  ) 
0-0000117  > 
0-0000108  } 

00000174  > 
00000192  5 

00000167  ) 
0*0000185  5 

0*0000139  > 
0-0000187  ) 


♦  Rqxfrta  qf  the  Saint  John  <r«/  Sey  Company,  xxvii.  1856,  p.  40;  xxthi. 
1857,  p.  47 ;  XXIX.  1858.  p.  43  j  xxx.  1859,  p.  43  j  xxxi.  1860,  p.  48.     Tabie  r/.« 
f  Table  VIL,  column  25. 
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Although  some  of  these  discrepant  results  may  have 
been  affected  by  occasional  modifications  in  the  process 
of  reduction,  they  chiefly  depend  on  the  greater  or 
less  ease  with  which  gold  is  freed  from  the  various 
ingpredients  of  its  matrix,  in  different  parts  of  the 
mine. 

(61.)  The  hardness  of  metalliferous  deposits,  has 
such  a  relation  to  the  ores  they  contain,*  that — ^ir- 
respective of  any  obstacles  or  facilities  it  may  present 
— ^it  is  an  object  of  paramount  interest  to  the  miner. 
Annual  accounts  of — the  ore  extracted, f — the  depths 
whence  it  was  obtained,t — the  holes  bored, f — and  the 
workmen  employed  in  blast]ng,t  supply  means  for 
comparing  the  hardness  of  the  metalliferous  mass  at 
Morro  Velho. 


Sztrcnut. 
fins. 


Depths. 


50-  to  100- 
100-  „  123-8 


Mean  of  eleyen 
yean 


i 


Meani* 
fins. 


86-3 
123-8 


113-6J 


Holes  bored ; 
per  man, 
per  day. 


0-864 
0-920 


0-906J 


Tons  of  crude  ore  broken ; 


per  man, 
per  day. 


1-027 
M39 


10-08J 


per  hole. 


1-182 
1-237 


1-222  J 


•  Borlase,  Nolwrdl  Butory  of  ComwaUf  p.  152.  Jars,  Voyagea  MitaUurgiqu$9 
m.  pp.  86, 190, 195.  Pryce,  Mm§ralopa  Cormibienii$,  pp.  89,  91-94.  Werner, 
New  Theory  of  the  Formaiion  of  Veint,  p.  122.  Daubuisson,  Dee  Mmee  de 
Freibery,  i.  p.  58 ;  in.  pp.  56, 158,  248.  Phillips,  Oeol  Draneaetione^  ii.  p.  132, 
Came,  Cormeall  Oeol.  TVoiw.,  iiL  p.  80.  Fox,  Beport  of  the  Boy^  CorwmaU 
Polytechnic  Society,  1886,  p.  86.  De  la  Beche,  Beporion  the  Geoioffy  of  Com- 
watt^  Devon^  and  Weet  Somereet,  p.  336.  Henwood,  ComwaU  Oeoi*  Trant,,  Y. 
pp.  183,  212,  221,  224,  226,  228,  230;  Ti.  p.  145;  iln<s,pp.  84,  125. 

«  An  experiment  of  single-handed  boring  was  tried,  but  failed  from  the  ex- 
"  cessiTe  hardness  of  the  lode."— Mb.  HB&aixa,  JSeporie  of  the  Saint  John  tTei 
Rey  Company,  Tzii.  1837,  p.  23. 

"  The  system  of  boring  with  *  jumpers '  has  been  tried,  by  a  man  who  pro- 
"  fesses  to  be  an  experienced  hand,  and  he  signally  failed." 

Captaik  Tbbloab,  Vnd^  xxnr.  1853,  p.  27. 

t  BeporU  ef  the  Stnnt  John  d'el  Rey  Company,  1850-*1860.  IMe  VJL, 
colamns  2,  5,  6,  7»  8.  • 

t  Table  VIL,  columns  2,  5, 6,  7,  8,  lines  29,  30,  81. 

OG 
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The  progressively  larger  quantities  of  ore  pulverized 


A  compariMm  of  the  meam  employed  with  the  work  acoompliahed  in 
broader  parts  of  different  mines  may  not  be  ont  of  plaoe  here. 
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by  the  same  stamping-power*  whilst  the  mine  has  been 
sunk,  confirms  the  conclusion,  that  the  deeper  are  the 
softer  parts  of  this  formation. 

(Jb  2.)  Crude  ore  from  different  depths  has  yielded, 
under  ordinary  treatment,  the  undermentioned  pro- 
portions of  gold  ;t~ 


Eztremea. 
fins. 


Depths. 


•  • 


Surface  to    50 

50-   „  100-  .. 

100-   „  142-8.. 


Mean 


Means, 
fins. 


33-8 

71-8 
123-8 


78.3 


Gold  extracted. 


Onins^^ton 
(Ao,)  of  ore. 


225-35 
215-67 
205-84 


Proportion  of 
mass. 


0-0000144 
0-0000137 
0-0000131 


210-79 


0-0000135 


<'  C'est  relatiTement  ii  la  quantity  de  poudre  n^cessaire  pour  charger  les  trous 
de  mines,  que  Tezp^rienee  pratique  des  mineurs  est  le  plus  ordinairement  en 
d^faut:  la  plupart  proportionent  tout  simplement  la  dose  de  poudre  ^  la  pro- 
fondeur  du  trou,  de  telle  sorte  que  la  poudre  remplisse  une  fraction  d^termin^e, 
un  tiers,  par  exemple,  ou  un  quart  de  eette  profondeur :  une  pareille  rSgle 
appliqu^e  saos  avoir  ^ard  &  la  nature  de  la  roche,  et  m^e  ik  la  position  da 
trou  par  rapport  auz  parois  d^ag^es,  et  &  son  diam^tre  n'a  ^videmment  rien  de 
rationnel.  Le  major  g^n^ral  Sir  J.  F.  Burgoyne,  dans  un  m^moire  r^eent  sur 
le  tirage  des  rochers  ik  la  poudre,  conseiUe  de  suivre  la  rdgle  suirante :  en 
supposant  qu*  une  roche  ait  une  €gale  t6nacit^  dans  tons  les  sens,  les  charges 
de  poudre  2k  employer  devront  6tre  proportionnelles  auz  cubes  des  lignes  de 
moindre  resistance,  qui,  dans  ee  cas,  ne  sont  autre  chose  que  les  plus  oourtes 
distances  de  la  charge  aux  faces  d^gag^es  de  la  roche. 
*'  Ainsi,  dans  les  carridres  de  granite  de  Kingstown  pr^s  Dublin,  les  charges 
de  poudre  ezprim^es  en  onces  ayoir-du-pois,  ^taient  prises  ^gales  2k  la  moiet^ 
des  cubes  des  lignes  de  moindre  resistance  ezprim^es  en  pieds  anglais,  sans 
ayoir  ^gard  k  la  profondeur  des  trous."  . 

*'  La  charge  de  poudre  exprim^e  en  grammes  est  €gale  h.  629  fois  le  cube  de  la 
ligne  de  moindre  resistance  ezprimee  en  mdtres.  Cette  rigle  reTient  k  pea 
pr^  2l  la  suivante,  qui  est  exprim^e  par  des  rapports  en  nombres  plus  simples : 
La  diarge  de  ptrnire  en  ^ammei  eet  igaie  d  la  moieti  du  cube  de  la  Kgne  de 
punndrerisiektnce  ea^rimie  en  dieimeiris.** 

GoMBBS,  Traite  de  VExpMiatim  dee  Mines,  i.  pp.  241*3. 
•  Table  VIL,  columns  13,  14. 
t  Table  VIL,  columns  2,  8, 25. 
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Much  rubbish  is  carefully  separated  *  before  the  ore 
is  stamped. 

Depth.  Crude  ore.  BubMsh 


Propurtion 
fine.  Tone.  Tone.  of 


Surface  to    50*     ..     85*844  ..  11-213  ..  0*131 

50-  „  100-     ..  475-125  ..  16*577  ..  0035 

100*  „  142*8  ..  712*261   ..  32066  ..  0045 


Mean..    78*3  ••        —       ..       —      ..  0047 


Ore  from  different  depths,  when  selected  and  pre- 


A  oomparieon  with  reenlte  obtained  at  one  of  the  moat  oareftilly  managed  tia- 

minea  in  Cornwall  maj  not  be  nninstruetiTe. 

Daring  the  year  1861  Poibmro  afforded — 

48,638  tons  (^Avoirtkffaii)  of  crude  tin-ore ; 

which  contained 

(e.)  Ttu-Ctt^fJ  on  lit  for  the  {    tont.                                  ,^ »  «  ^  «•«• 

^  tUm^.. }  «,W7'       (ft.)Rdtaai    14,701- 

of  which  than  wart  dbtaliMd  \ff 
/I  X  m^%^^ i^iA  •  ».«»A»ftim.  I  f  which  ylalded'^  («.)  Tlo-ors  (bla6k 

oflbcTalM) )  <  „awMh«l  f  fumiwc  ....    180-107 

\jCdrmuiJ    ..J(ft.)RetaM   S7/X»4SS 

(t.)  IW  morh  BMB  (paid  a  flzcd 

Vrioc  per  fathom) 1,740-4  „  ( (a.)  Tln-orc   6*480 

l(».)BcftiM    l,74t«ll 

88,987-    181-0B8     4a^448-M4 

la  additlCB  to  thlf  there  war*  alio 


8,M7*9  „  C  (a.)  Tin-ore  I»t00 


enllcd  fkom  amonctt  the  (fturrviM) 

8,007*9  M  f(a.l 

Reftue    96^00-700 

When  brought  to  the  aorfaee  crude  ore  contains  on  an  arerage  9*843  Iha.  per 

ton,  or  0*004392  its  weight  of  (6£tie^tin}  ore  fit  for  the  Aimace. 

When  prepared  for  the  atom/M,  howeyer,  {^-$tuffj  ore  obtained  by  workmen 
of  different  claaaea  contains  the  undermentioned  proportions  (of  6^^tin)  ready 
fortheamelter;— 

Ibe.  of  (Mac*  Mm)  In  each 
ton  Avoir,  of  tin  U^ff*  ProporUonc. 

Obtained  by  TViMmv 16*264 0*006818 

„  2VM0orifcmen     8*300 0^03709 

CuUed  f^om  amongst  the  refuse 7'669 0*003419. 

Compiled  from  HSS.  of  MiOKABL  Mo&ooM,  E8a.|  Purser  of  the 
PoAerro  Mines. 

*  Tabh  VIL,  columns  2,  8,  0. 
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pared  for  the  stamps,  has  yielded  gold  in  the  following 
proportions :  * — 

Depths.  Gold  extracted. 


Extremes, 
fine* 


Means.    Grains  V^  ton  Mvolr.^   Proportion  of 
fins.  of  ore.  mass. 


Surface  to    60*     . .     338  . .  249*87  . .  0-0000169 

60*     „  100-     ..     71-8  ..  221-93  ..  00000142 

100-    „  142-8  ..   123-8  ..  21606  ..  0-0000138 


Mean 78-3 


•  • 


219-75  ..  0-0000140 


The  surface  of  cured-hides  and  baize,  over  which  the 
stamped-ore  is  passed,  has  been  of  late  much  enlarged  ;t 
but  the  additional  quantity  of  amalgamable  ore  thus 
collected  is  much  poorer  than  that  obtained  by  the 

means  previously  in  use.;]; 

•^•^•^^—•^-         i  ^-^— ^^-^^— ^■~^'^— ^"^■^^— ^"^^i»— ^■^^^»^— ^^-^— — — ^^»»^— , 

•  T<Me  VILy  colnmns  10,  25. 

t  As  the  sand  (pnlyerised  ore)  escapes  from  beneath  fhe  Mkm^heada  (through 

the  grates),  it  is  passed  oTer 4,416  square  feet  of  cured  Mdet^  kdA 

2,472  ,,  coarse  baise, 

on  which  the  richest  portions  subside. 

From  these,  however,  the  remainder  is  now  conducted  to  a  second  similar 

series  consisting  of 2,416  square  feet  of  cured-hiddM^  and 

1,039  „  haise; 

and  on  these  a  farther  accumulation  of  ore  takes  place. 

Mr.  BsAT,  Reports  of  the  Saint  John  tPel  Rey  Company,  XXT.  1854,  p.  85. 
Table  VII,,  column  15 ;  Note  h, 

X  The  quantities  of  gold  obtained  by  diJOferent  appliances  from  each  ton  of  ore 
stamped,  has  STeraged 


From  ore  collected  on 

leoond  lerlet  of  eared-lddci 

■ndbaixe. 

gralnf. 

•  •  •  •  •  •    I'W   .  •  •  • . 

•  •••••   ^*do  .  •  •  •  . 


•  •  •  .  . 


From  ore  ground  In 
arrattnet 

gnUnf. 

•  ■  •  . .    lx*77  •  •  •  • 

•  •  •  •  •    \x'\i  •  •  . . 

•  •  • .  a      V'oO  •  •  •  • 
8-67  .... 

•  •  •  .  .         9*7  V     •  •  .  . 

11-61  .... 


6  ••  •. 
6  •• . • 

7  .  .  a  . 

8  ..  •  . 

XOOv   »  »  •  %  m  »  *  •  9  »         '~'       aaaaaa  ....a      ^0*\  A      •  •  »  9 

Rgtorte  qf  the  Saini  John  tPel  Rey  Company,  xxT.  1864,  p.  34;  xxYt.  pa41 ; 
xxTU.  p,  40 ;  xjLYiii.  p.  47  i  XXIX.  p.  43 ;  xxx.  p.  43 ;  xxxi.  p.  48. 


ToUl  yield  by  every 
method. 

gnint. 

230*72 

220-21 

194-76 

164-33 

172-40 

215-84 

29308 
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The  following  columns  contrast  assays  of  ore  pre- 
pared for  the  stamps  with  the  proceeds  of  its  reduction. 
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Since  monthly  assays  of  ore  prepared  for  the  stamps 
were  established*  in  1855,  the  loss  of  gold  during 
reduction  has  been  diminished  (from  48*92  to  32*41) 
16*51  per  cent. ;  a  difference  which  now  affords  profit 
from  ore  which  could  formerly  have  been  wrought 
only  at  a  loss.  Meanwhile  the  mine  was  deepened 
(from  116-6  to  142-8t)  26-2  fathoms. 

The  assay  of  ores  obtained  from  so  small  a  vertical 
range  affords  but  little  aid  in  ascertaining  any  differ- 
enoes  of  quality  prevalent  at  various  depths  in  the 
metalliferous  deposit 

The  proportionate  yield  of  gold,  from  ores  extracted 
at  different  depths,  has  been, 


Depth. 

fioMm 


Surface  to     50' 
50-  „  100- 
100- „  142-8      .. 


Crude  ore. 


Gold. 
Proportion  yielded  by 

Ore  made  ready  for 
the  aiampt. 


1- 

0-956 
0-912 


1- 

0-888 
0-865 


Thus,  as  the  mine  was  deepened,  its  ores  yielded 
a  gradually  smaller  proportion  of  gold. 

(6  3.)  Meanwhile,  more  efficaceous  appliances  col- 
lected larger  quantities  of  amalgamable  ore»  which 
afforded,  progressively,  gold  of  greater  fineness. j; 

Quality  (tooaj  of  Gold. 

Depths.  ActuaL  Comparatlfe. 

fma.  Carats,   grains. 

Surface  to    50      18  3-687 1- 

50    „   100      19  0-183 1006 

100    „   142-8   19  0-288 1-008 

(64.)  The  quantity  of  silver  obtained  was  greater 

«  By  John  HooUn,  Esq.,  Managing  Director  of  th»  8ein(  John  d*el  Bey 
Company. 

t  TaNe  VII.,  colnmn  2.  }  TaNs  VIL,  oolamns,  2,  28,  29,  80. 
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also,  as  the  gold  it  had  been  associated  with  was  ex- 
tracted from  more  deeply-seated  ores.* 

Silrer  in  nnreflned  gold, 
Grains  of.  Proportion 

4P  lb.  (Troy).  of  mam.  Compamti 

60  to  100     ...•   1,1081   ....  019-24  ,...   1- 
100  ,,142-8 1,131-2 0-1998 1-02 


Depths, 
fms. 


•  . 


Mean 1,1184 0-1942  , 

The  results  obtained  in  several  foregoing  pages,  are 
compared  in  the  following  columns. 


Depth. 

ftllB. 

Width  0 
BahiL. 

HsrdoaM  of 
?«tn-6toiie. 

Bic 

Cnida 
era. 

hn«H  of 

Orapnparad 
forftamjM. 

QoaUtj 
of  told. 

snvor. 

Surface  to   60* 

!• 

1* 

1 

1* 

1* 

1* 

1 

60-  „  100- 

1*050 

1*982 

1- 

0*956 

0-888 

1-006 

1- 

lOe-  „  142*8 

1-482 

2077 

0*902 

0*912 

0*865 

1-008 

1-020 

Thus,  to  a  depth  of  142*8  fathoms  the  vein-stones 
are  softer,  and  the  silver  is  more  plentiful;  yet— owing 
to  the  still  smaller  proportions  of  other  foreign  sub- 
stances,— the  gold  is  of  better  quality,  in  deeper,  than 
in  shallower,  parts  of  the  mine. 

(5-6.)  Whether  parallel,  oblique,  or  transverse,  in 
direction,  to  the  schistose  structure  of  the  adjoining 
slates,  the  formation  and  its  branches  have — with 
trifling  exceptions — a  prevailing  inclination  to  the 
south. J  Meanwhile  the  several  rich  masses  or  hunches 
of  auriferous  pyrites  in  the  Bahii^  the  Cachoeira^  and 
the  Gamhct  as  well  as  the  bodies  of  unproductive  vein- 
stone between   them,  have  an  end-long  dip  or  shoot 

■       r^i--"  —  ir-- ' ■ ■ ' "^^^ 

*  John  Hoekin,  Esq.,  Managing  Director  of  the  Saint  John  d*el  Bey  Compaoj, 
MSS.     Tabk  VIL,  columns  2,  81. 

t  Unrecorded.         X  Ante,  p.  188. 
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of  seldom  less  than  43%  but  never  more  than  47''~- 
towards  the  east,*  obedient  to  both  these  inclinations, 
and  dipping  with  the  neighbouring  slates ; — the  BaM^ 
Cdchoeiraj  Catta  Branca  8topes;\  and  other  portions 
of  the  formation,  are,  at  the  bottom  of  the  mine,  one 
hundred  and  forty  fathoms  south-east  of  their  counter- 
parts at  the  surface  (PL  IIL). 

Whether  the  metalliferous  deposit — partaking,  as 
usual,  the  nature  of  the  neighbouring  rocks — ^be  faced 
by  the  edges  of  their  laminae  and  bounded  by  joints ; 
or — ^interlying  them — conform  to  their  flexures;  its 
sides,  and  the  faces  (walls)  of  slate  adjoining  them, 
produce  undulations,  flutings,  grooves,  and  struB  which 
coincide  as  well  with  the  schistose  structure,  as  with  the 
nhoots  or  hunches  of  ore  and  masses  of  vein-stone  in 
general  dip;{:  towards  the  south-east. 

*  '*  Th«  wiiola  mam  of  lode  and  iu  braa^M,  moTO  bodily  ibrward  and  down- 
"  ward  in  a  nearly  trae  east  direction." 
Mn.  Hbebiho,  Btpori$Qftke  Sktmi  John  iTef  Rey  Cmnptm^f  xx.  (1888)  p.  29. 

"The  dip  of  the  lode  itMlf  oarriee  the  whole  mineial  deposit  <lbet  10  inches 
"  to  the  east,  for  eTcry  6  feet  that  is  sunk.— /Mcf,  xi.  (18iO),  p.  84. 

"^Fonr  well-marked  enlaigements  of  the  metalllferons  deposit  at  Morro  Vtlho, 
**  nspectlTelj  preserre  the  same  relatiTe  positions,  the  same  OQufigozatlon,  and 
"  indeed  afanoet  exactly  the  same  dimensions  to  the  depth  of  48  fathoms,  as  they 
**  expose  in  their  onterop  at  the  surface.  They  haTe  a  regular  inclination  of 
"  about  AS"*  towards  the  east,  on  a  line  whick  bears  2''  S.  of  B.  ft  N.  of  W;  and 
^  this  regularity  equally  prerails  whether  the  dip  of  the  formation  may  be  paral- 
"  lei  or  oblique  to  the  oleaTOge  of  the  containing  rock." 

HmrwooD,  ComwoU  Geol.  Tram,  ti.  p.  146,  PL  L  ;  London,  Ed/MwrgK  and 
DuNin  Phdl.  Mag.,  8rd  series,  ZXT.  (1844)  p.  848. 

"  Its  general  direction  approaches  to  east  and  west;  ita  underlie  Tariee  from 

"  south  to  north,  but  aTerages  88**  towards  the  south.    Tke  direction  of  its  dip 

'*  varies  from  south  58''  east  to  south  82*"  east,  and  the  inclination  from  42  to  47^" 

Captain  Trbloab,  B^fU  qf  Me  8mM  John  cTef  jRdy  Compainjf^  xxyn. 

(1858)  p.  26. 

t  IM,  xxiT.  (1858)  p.  82. 

t "  Certain'  slides'  of  grotind  *  *  «  whieh  toeompany  the  •  •  «  dip  of  the 

HH 
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Between  30th  November,  1834,  and  2l8t  March,  1862,* 

Ita.(3y0|f) 

Jfom  FtfJAo  yielded 69,098*664  «  of  gold,  worth  £2,229,487;* 

of  which  there  was  paid  to  the  GoTemaent 

of  Brasa  u 

nM.(2V0y) 

ProTindal  dutiee,  2^11-820y  worth  £86,891 

Export  dntiee, . .       64-868,    „  2,148    2,266*688         „  „  88,634. 

The  remilniiig... 7777177^7 Ihi.  66,881-966         „  realiied  £2,140,963 

The  expenditure,  from  lit  Jan.,  1838|  to  81st  May,  1862, 

amoimted  to  £1,472,827* 
„  lose  in  1864— 7 „  6,889       1,479,216 

„  net  profit  therefore  was    • • £661,737.* 

Of  this  magnificent  sum,  a  portion  (augmented  by 
accumulated   interest   to    thirty-five  thousand    three 


"  shooto  of  ore  «  «  «  hate  been  exceedingly  regnlar/'— Mb.  Hbbxxvo,  lUd, 
xiu.  (1842)  p.  36. 

**  A  oiscnmstanee  of  Tahie  to  the  miner,  as  well  as  of  interest  to  the  geologist, 
"  — eommon  to  most,  if  not  all,  the  BraiQian  mines  worked  in  schistose  rocks,  — 
"  is  that,  whether  the  Teins  may  be  parallel^  obliqne,  or  tranvferse  to  the  lamins, 
"  their  sides  (waOtJ  are  grooTed  or  flated  with  large  tiruB,  which  coincide  with 
''■the  dips  of  the  §kooi$  of  gold,  both  in  the  amount  and  in  tiie  direction  of  their 
*'  inclination.'*— HmnrooD,  Cormoatt  OeoL  Trana,  ▼!•  p.  146;  Londm^  Eiinr 
burgh,  and  DtAUn  PhU.  Mag,  8rd  series,  zxT.  (1844)  p.  848. 

The- dip  "  is  erery  where  parallel  to  the  stria."--CAFT^iK  Tbxloab,  lUports 
ofiM  Samt  John  tTel  lUy  Ccmpany^  xxvxx.  (1867)  p.  27 ;  zxTzii.  (1868)  p.  44. 

*  The  results  of  operations  at  Mono  Velho  daring  the  year  1861  were, — 


Rubbidi  unacted. 
Tons. 

Oreitamped. 
Tent. 

Gold. 

Crude  oiebtokmi. 
la  theMiae. 

Toai. 

Graini  in  each 

ton  CAvoir.J 

of  on. 

Quantity 

eztvaetod. 

IbfcriWrO 

96,61 2*2  a 

24,088*6 

71,902*4 

383-99 

6,060-907 

From  19th  March,  1861,  to  21st  tf  arch,  1862,— 

6,200*689  lbs.  (TVoy)  of  gold  were  obtained ;  which  realised £212,813 

The  expenditare  for  the  year  ending  81st  May,  1862,  was  •  •  • 1 16,0^ 

The  profit  therefore  amoimted  to   • £96,769 

Eiporti  of  Me  Samt  Johnd^a  Beg  Corngprng^  xxzn.  (1861)  pp.  5, 22, 
24,  26, 67, 59,  60. 
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hundred  and  seventy-three  pounds)  forms  a  Reserved 
Fund;* — ^nineteen  thousand  five  hundred  and  seven 
pounds  have  been  transferred  to  the  Capital  Account ; 
—and  five  hundred  and  fifty-eight  thousand  two  hun- 
dred and  fifty  pounds  have  been  divided  amongst  the 
fortunate  shareholders. 

From  every  part  of  this  district — ^formerly  a  rich 
one^t  gold  is  still  obtained ;  but  the  other  mines  %  now 
wrought  are  small  and  poor. 

(IV.)  (a.)  At  Ouro  Preto  §  buff-coloured,  granular, 

j^^_^_^^^^j^^— ^^—  '^•—^^-^•^•^—^^^•^  Jill  ■! 

*  UtporU  of  the  Saint  John  tPel  Rey  Companift  xxzxx.  (1861)  p.  19. 

t  Sottthejy  HiUory  of  Bratil,  nu  pp.  66, 283.  Mawe,  Dratek  in  the  interior 
of  Braeil^  p.  886.  Caldclengh,  DraveU  in  South  America,  ii.  pp.  273-7.  Ton 
Spix  vnd  Ton  Mftrtiae,  Eeiee  in  BraeiHenp  ix.  p.  417*  Ton  Eschwege,  PhUo 
Braeiiieneie,  pp.  16,  441 ;  TabeOaritehe  Uebereieht  oiler  Gold  lavarua  Jeden  Die- 
triete  in  tier  Provint  Minaa  Qeraee,  pp.  Xiii.-XTU.  Saint  Hilaire,  Voyage  done 
hdittriet  dee  Diamane,  eteurle  Uttoral  du  BrieU,  ii.  p.  168.  CUumm,  Bulletine 
de  FAeadimie  Boyale  de  BruxeUee^  tiix«  Ire  partie,  p.  323.  Oardner,  Travels  in 
BrasU^  p.  496.  Henwood,  Cornwall  Geol,  Tram,  TZ.  p.  143  ^  London,  JBdinhwyhp 
and  DtibUn  PhiL  May.,  3rd  teriei,  xxt.  (1844)  p.  341. 

i  AttempU  to  work  ill-Tentilated  parts  of  Bella  Fama  by  the  light  of  fire-flies 
were  made  by  Colonel  TroU^ ;  but  without  success. 

MSS.  of  the  late  John  Hxn&t  Bbldbn,  Esq.,  M.D.,  of  Sabar&. 

i  "  Villa  Rica  (Ouro  Preto)  a  si  pen  de  r^gnlarit^,  qu'il  est  eztr^ement  diffl- 
'*  cile  d*en  donner  une  id^  tr&s-exaete,  EUe  est  b&tie  sur  nne  longue  suite  de 
'*  momes  qui  bordent  le  Bio  d'Ouro  Preto  et  qui  en  dessinent  les  sinuosit^s.  Les 
"  uns  sent  plus  STanc^;  d'autres  recul^s  daTantage  ferment  des  gorges  asses 
"  profondes;  qnelques-uns,  trop  2kpic  pour  reocToir  dcs  habitations,  ne  pr^sentent, 
'*  an  milieu  de  ceuz  qui  les  ennronnent,  qu'une  v^g^tation  asses  maigre  et  de 
**  grandes  excavations.  Les  maisons  se  trouTent  ainsi  disposes  par  groupes 
« inegauz,  et  chacune  est,  pour  ainsi  dire,  construite  sur  un  plan  diffi^rent.  Ia 
*'  plupart  ont  un  petit  jardin  long  et  ^troit,  asses  mal  soigne.  Ces  jardins  sont 
"  soutenus  par  une  muraille  peu  ^lev^e,  presque  toi:gours  oouTcrte  d'une  immense 
**  quantity  de  foug^res,  de  gramin^es,  de  mousses,  et  le  plus  souvent  lis  forment 
**  les  nns  audessus  des  autres  une  suite  de  terrasses  dont  I'ensemble  pr^ente 
«  quelquefois  une  masse  de  verdure,  telle  qu'on  n'en  yit  jamais  dans  nos  climats 
"temp^r^.  De  ces  maisons  ainsi  entrem^l^es  de  sommets  arides  et  de  touffes 
*'  serr^es  de  T^g^tauz,  il  results  des  points  de  Tue  aussi  varies  que  pittoresques  ^ 
"  mais  la  couleur  noii&tre  du  sol,  celle  des  toits  qui  n'est  gu^re  moins  obscure,. 
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flags  ('*  the  elastic  sandstone  of  Villa  Rica "  *  ),  com- 
posed of  quartz  and  mica,  are  overlaid  by  thick  lamellar, 
homogeneous,  soft,  blue  clay-slate,  of  silky  lustre ;  of 
which,  the  upper  members, — often  darker  in  colour, — 
are,  at  intervals,  shaded  with  either  pink,  red,  or  brown. 
Although  the  clay-slate  is  seldom  destitute  of  gold, 
the  more  deeply  tinted  portions  only  contain  enough 
to  pay  the  workman :  from  these,  however,  some  few 
poor  people  still  obtain  a  scanty  livelihood. 


*'  le  Tert  fonc^  des  orangen  et  des  cafien  tres-multipli^s  dane  les  jardins,  im  ciel 
*'  presqae  totgouri  nuageuz,  la  gt^rilit^  det  monies  oil  Ton  n'a  point  b&ti,  oom- 
•(  muniquent  au  payeage  on  aspect  sombre  et  m^lancoUqae. 

•  ••*••  • 

**  Les  petits  jardins  «  •  •  gont  g^n^ralement  asses  mal  soign^s.  Des  onagers » 

*'  des  caf<fyen,  des  bananiersi  j  sont  plant^s  presque  toi^foors  sans  ordre.    Les 

««  chouz  sont  le  principal  16gnme  qti'on  7  cnltiTe ;  et,  panni  les  fleurSy  celles  qui 

'f  ont  le  plus  de  Togue  sont  lee  orillets  et  la  rose  de  Bengale,  qui  a  conserr^  sa 

"  cooleur  prinutive.'* 

•  «.♦•♦• 

**  Dans  la  valUe  oi)i  nous  itions  desccndns,  conle  le  Kio  d'Onro  Preto,  petite 
**  riTiire  dont  les  eauz,  pen  abondantes,  sont  sans  cesse  diTisfte  et  subdiviste  par 
"  les  chercheuis  d*or,  et  dont  le  lit  d'un  rouge  noir  ne  prteente  plus  que  des  filets 
"  d*eau  qui  coulent  entre  des  amas  de  eaillouz  noirfttres,  rteidu  des  IsTages." 

Saint  Hilaibb,  Voyage  dont  Im  Provineet  de  lUo  de  Janeiro^  et  de  Mwuu 
Geraes,  i.  pp.  187»  139,  149. 

Mawe,  JVaveii  in  the  interior  of  Brazil,  pp.  238-9.  Ton  Spiz  und  Ton  Martius, 
JUiee  in  Bratilien,  I.  pp.  368-9.  Southey,  Hietory  o/Brcml,  111.  p.  66.  Walsh, 
Notieee  qf  Brazil,  n.  pp.  191-195.    Gardner,  Travele  in  Brazil,  pp.  609-612. 

«  Caldoleugh,  Travels  in  8(nUh  America,  11.  p.  269.  Ton  Eschwege,  Annalee 
dee  Minee,  Tin.  (1828)  p.  411 ;  Pbiio  Braeilieneie,  p.  218. 

*'  Der  quartsreicbe,  kornige  Glimmerscbiefer,  Qelenquarts,  elastische  8and- 
'*  stein  oder  Quartsschiefer  yom  Morro  de  Villa  Rica  bestebt  aus  einem  graulich- 
'*  und  rotblich-weissen,  nich  s^ten  auch  rauchgrauen,  fein-und  sehr  fetnkomigen 
"  Quartse  und  aus  einem  silberweissen,  mehr  oder  weniger  dunkelperlgrauen, 
*'  selteu  tombackbraunen,  sehr  sartschuppigen  Glimmer,  welcher  nicht  selten  auf 
**  den  Schichtungsablosungen  durch  Eisenozyd  roth  gefarbt  ist.  Der  quarts 
**  Terliert  suweilen  sein  komiges  GefUge,  und  bildet  schmale  Schichten  Ton 
"  dichtem  splittrigen  Bruche ;  eben  so  h&uft  sich  nicht  selten  der  silberweisse 
"  Glimmer  auf  den  Ablosungen  in  oft  einen  halben  Zoll  dicke,  welleniormig 
'*gebogene  Schichten  susammeuy  und  nimmt  sodann  einen  ausgeseichneten 
*'  Ferlmutterglans  an. 

TDK  Sfix  vhd  TOM  Ma&tiub,  Reisc  in  Braeiliefi,  i.  p.  862. 
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(£.)  Granules  of  quartz  and  small  lenticular  masses 
of  mica  *  form  a  pale  brown  or  yellowish  buff  coloured 
rock ;  f  which — both  at  Ouro  Preto  and  Gongo  Soco  J 
— succeeds  the  auriferous  clay-slate,  yet  affords  little 
or  no  gold. 

The  planes  of  deposition  and  cleavage, — parallel 
throughout  the  district,— here  bear  10 -20*  N.  of  E.  & 
S.  of  W.,  and  dip  20 -38*  S.;  whilst  the  principal 
joints  range  10-20*  E.  of  N-  &  W.  of  S. 

(V.)  (a)  The  thick-lamellar  rock  which  succeeds  the 
mica^slate  and  conforms  to  its  foliation,  is  composed, 
for  the  most  part,  of  granular  quartz  and  iron-ore  in 
alternating  layers  ;§    sometimes  several   inches,   but 


*  "  In  nurny  cases  «  «  «  flexures  •  *  «  inToWe  the  laminss  of  which  the 
**  stratom  is  formed,  without  affecting  the  stratum  itself." 

Maocvllooh^  Ckutificaiwn  of  Boeka,  p.  268. 

BskeweU,  IniroducHon  to  Owloffy  (4th  Edit.),  p.  104. 

t "  Biese  «  •  •  Bildung  des  quartsigen  Glimmerschiefers  liegt  auf  Thon- 
**  schiefer  auf,  welcher,  nach  seinem  su  Tageausgehen  in  den  tiefnten  Puncten 
"  des  Thales  Ton  (Hro^Preto,  die  Orundlage  des  Iforro  ausxumachen." 

YON  Spix  ttmd  ton  Martixts,  Jtei$e  in  BrasHien,  i.  p.  344. 

'*  n  alteme  en  bancs  puissants  et  sur  une  grande  Vendue  ayec  le  thontchiefer,** 

TON  EsoawxoB,  Annaleg  de$Minest  Tixx.  p.  411. 
X  AnU,  p.  182. 

}  *'  Schisie  fefTugineaittX  (EUengUmmer  tehiefer)  Les  parties  essentielles  de 
"  cette  roche  sent  le  fer  oligiste  micac6  (eitengUmmw)  et  le  quarts.  Son  tissu 
"  est  g^enu-schisttauz,  ordinairement  I&che ;  on  trouve  cependant  quelquefois 
"  des  couches  solides.  Le  fer  oligiste  domine  et  donne  k  la  roche  une  teinte  de 
"  fer  oxid^  plus  ou  moins  fonc^e ;  elle  est  quelquefois  diyis^e  en  feuillets  d'une 
*'  grande  ttouit^ :  le  fer  et  le  quarts  sont  alors  tr^s-distincts,  ce  qui  produit  une 
'*  apparence  rubanie  de  couleurs  altematiyement  blanches  et  sombres.  Les 
"  particules  de  quartz  sont  en  g^n^ral  peu  adh^rentes ;  elles  se  dfetachent  de  la 
**  surface^  qui  paralt  alors  cribl6e  de  petites  cavit^s :  d'autres  fois  elles  sont  trds- 
"  disstoine^s ;  la  masse  enti&re  prend  alors  un  aspect  tachetfe.  Le  fer  oUgbte 
"  pr^sente  le  plus  souTcnt  un  ftdat  tr^s-rif ;  les  fuillets  minces  de  la  roche  sont 
"  quelquefois  flezibles." 

TON  BsoHWBOB,  AtmaUB  de$  Mines,  Tin.  p.  413 ;  PMo  Brasifienais,  p.  222. 

"  Man  findet  diese  Oebirgesart "  (Eisenglimmerschiefer)  *'  hier,  wie  an  yielen 
**  Orten  in  Minas,  Ton  grosser  Mannichfaltigkeit  an  Farbe,  Dichtigkeit  und 
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generally  from  one-eighth  to  three-quarters  of  an  inch 
in  thickness. 

When  freshly  broken  the  quartz — slightly  mixed 
with  minute  particles  of  iron-ore — has  usually  a  grey- 
ish hue ;  exposure,  however,  affects  the  ore,  and  dis- 
integrates the  quartz,  which  becomes  sandy  and  brown. 

Of  the  ores,  which  form  so  large  a  part  of  this 
formation,  specular  iron  —  especially  its  micaceous 
variety* — is,  by  for,  the  most  plentiful;  oxydulated 
ore,  however,  is  not  uncommon ;  and  every  kind  of 
hematite    occurs,    in    inexhaustible    abundance,t   at 

**  Schwere.     Am  haufigtten  ist  tie  italgrau,  in  alten  AnbrCLchteii  bifweilen 

*'  gelbliohbrann  oder  negelrothi  je  nach  den  Ozydationutufen  dea  metaHs.    Hie 

**  und  da  erscheint  Ae,  wenn  lie  eine  betraohtliclie  Menge  Ton  weiMon  Quarts 

"aafhimmty  komig  and  gebandert.    JEHese  dtinnen  Scblchten  wechaefai  watch 

**  wohl  mit  anderen  von  anfgelottem  und  serbrockeltem  Quartse  ab.   Der  Gebalt 

**  des  Gesteini  an  Eisen  Ut  biaweilen  go  betrachtlich,  dan  es  mit  Vortheil  Tonch- 

'*  molien  werden  kaun.    Gold  iit  doroh  diesen  GUmmencliiefer  in  bedeatender 

**  Menge  Terbreitet.*' 

TOM  Spix  ukd  ton  Mabtius,  Reite  in  BroiiUen,  i.  p.  843. 

Caldcleugh,  TraveU  in  South  America,  ii.  p.  260  {Ante,  p.  17I).  Saint  Hilaire» 
Voyage  dans  lea  Provinces  de  Rio  de  Janeiro^  et  de  Minae  Geraeg^  i.  p.  153. 
Walsh,  Notices  of  Brazil,  ii.  p.  201.    Gardner,  TVavels  in  Brasil,  p.  510. 

*  LeTy,  Description  d^une  collection  de  Min6raxtx,formke  par  M,  Henri  Seukmd, 
III.  pp.  120-1. 

t  "  The  iron  smelting  furnace  of  Dr.  Roque  Schttch  atTimbopebawas  built  of 
**  the  mica-^late  of  the  neighbourhood  which  contains  much  cyanite.  The  ore 
*'  which  he  intended  to  smelt  was  micaceous  iron,  some  acres  being  coyered  with 
**  it  to  a  depth  of  ten  yards."        •        •        * 

**  At  Antonio  Fereira  we  found  «  *  *  cupreous  arseniate  of  iron,  brown  iron 
"  ore,  hematite  and  acicular  manganese.  This  is  the  locality  of  the  specimen  of 
"  brown  iron  ore  which  contains  in  the  centre  of  some  scorodite  a  small  dodeca- 
<*  hedral  diamond,  *  *  *  it  was  purchased  by  Mr.  Heuland  of  Baron 
"  Eschwege." — CAiiDCLBUOH,  Travels  in  South  America,  ii.  pp.  262-^. 

**  Auch  kommt  iiberhaupt  die  ganze  SerradeAntonia  Pereira,  ihren  Bestandt- 
"  heilen  une  LagerungsTerhaltnissen  nach,  mit  dem  goldreichen  Monro  de  Villa 
"  Rica  uberein ;  denn  sie  besteht  ebedfalls  aus  weissem  Quarsschiefer  mitLagem 
"  des  eisenglanshaltigen  Glimmerschiefers  und  einer  weit  verbreiteten  Decke 
<«  von  rothem  Eisensteinflotz.  •  •  •  Nordweslich  von  Antonio  Pereira  hat 
*'  Hr«  T.  Eschwege  eine  kleine  Eiscnhutte  angelegt,  die  er  durch  einen  deutschen 
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• 

Antonio  Pereira^  two  leagues  north-east  of  Ouro 
Preto.  Thin  plates  of  mica  or  talc  often  interlie  the 
micaceous  iron-ore;  and  small  ill-defined  crystalline 
masses  of  the  arseniate  of  iron  (Skorodite^)  sometimes 
stud  the  hydrous-oxide  of  iron  with  which  interstices 
in  the  hematite  are  frequently  lined. 

The  dark-coloured  gold  of  this  neighbourhood, — 
which  averages  from  twenty  to  twenty-three  carats  in 
quality^f  gives  to  the  capital  of  this  Province  its 
modem  name  %  of  Ouro  Preto.§    The  purest  gold  in 


"  Schmelimeiiter  leitet.  Diete  Fabrik  berbeitet  den  eisenglanzhaltigen  GUm- 
''  m^ncbiefer,  der  bier  betracbtlicbe  Lager  auf  und  in  dem  weitsen  Quanscbiefer 
**  bildet.  •  ♦  *  Nicbt  selten  wird  er  Ton  rotbem  Eisensteinflotse  bedeckt. 
*'  Pas  Qeatein  iat  sebr  reicb,  Ton  scbsig  bit  achsig  Procent." 

TON  Spiz  xtnd  yon  MiLBTZUB,  Beise  in  Braiilien^  i.  pp.  401-2. 
"  Le«  eoucbes  dtrang^rer  sont  *  *   *  de  fer  oligiste  et  oxidul^,  et  auasi  da 
**  Hes  bydrat^  bnin,  •  •  *  enfin  des  b^matites  brunes  d'nne  grande  beaut^i  li 
«<  eomcbee  ooncentriques  et  iL  rayons  diTergens." 

TON  EscHWBOBy  Annoles  detMiues^  Tin.  p.  414. 

"  Tbe  lavtmu  of  Antonio  Perrira  are  distant  about  eigbt  miles  from  Villa 
^  Biea  (now  called  Ouro  Freto),  and  are  situated  at  tbe  foot  of  a  bigb  mountain 
**  numing  from  NJN'.W.  to  S.S.E«,  tbe  surfkce  of  wbicb  is  encrusted  witb  a  rich 
**  oxyde  of  iron  and  manganese  to  a  deptb  of  fiTe  to  fifteen  feet."— Edwuldb, 
MgporU  of  the  Imperial  Brazilian  Mining  AMioeiation,  i.  (1826)  p.  54, 

OardneTi  Ihid,  p.  66.  Scbficb,  Memoria  wbrt  algwnoB  experiondai  e  en^penkot 
Mineralojfieoi  a  MetaUurgioo9  (Bio  de  Janeiro,  1840),  pp.  35-60.  Walsh  JVb^^cet 
of  BfxuH,  n.  p.  205. 

•  M  4me  Tari6t6«    Vert-oliT&tre  tres-p&le,  pen  translucide,  eristauz  tres-serr6 
"let  uns  contre  lea  autres  snr  fer  hpdro-ozid^  oompacte;    Antonio 
*  *  BrhiL'* — Ijitt,  Dei^ripiion  d^tme  collection  de  Miniraux^  formic  par  M. 
Heuland,  in.  p.  183. 

Mobs,  Dneatiee  on  MineraJogy  (English  Translation  by  Haidinger),  in.  p.  150. 

t  **  Die  Minin  Ton  VHXa  Riea  geben  gewobnlich  ein  Qold  Ton  swaniig  bis  dre! 
^  and  swansig  Karat.** — 

TON  Sfix  vnd  tok  Mastits,  Beite  in  Brazilien,  i.  p.  846. 

X  "  Erecta  em  oidade  poi'  deereto  de  20  de  Mar^o  de  1828,  com  titulo  de— 
•*  Imperial  Cidadc  do  Owo  Preto."  UemoHaaHi§torica8deUinMOerae9fi^.^2. 
Walsh,  Notices  of  Braeilf  n.  p.  107. 

iOvtxoTwto^Blaek  Odd. 
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• 

Minas  Geraes, — twenty-three  carats  and  seven-eighths 
fine, — is  scattered  in  isolated  grains  through  the  hema- 
tite iron-ores  of  Antonio  Pereira. 

(i.)  The  high  conical  peak  of  Itabira*  do  Matto 
Dentro— a  conspicuous  object  in  the  gold  region—  is 
composed,  for  the  most  part,  of  iron-ore  and  quartz  in 
alternating  layers;  which— often  mere  laminae,  but 
sometimes  several  inches  thick,— conform,  in  great 
measure,  to  the  contour  of  the  mountain  in  both  di- 
rection and  dip.f 

(c.)  At  Santa  Anna  numberless  beds,  seldom  more 
than  the  fraction  of  an  inch  thick,  and  oflben  as  thin 
as  paper,  consist,  alternately,  of  brownish  granular 
quartz,  and  of  micaceous  iron-glance,  which — ^mized 
at  times  with  buff-coloured  talc — passes  by  degrees 
into  massive  oxydulated  iron  ore.:|; 

The  auriferous  bed  (of  Jacotinga^)^  which  rests 
conformable  on  these,  bears  nearly  east  and  west, — 
dips  40"-50*'  south, — ^varies  in  width  from  six  to  about 
thirty  feet, — and  is  composed  of  sandy  iron-glance, 
earthy  oxydulated  iron-ore,  and  of  brownish  granular 


♦  it  Dm  moti  indieni  yfo  bera,  piem  qvi  brlUe.  litMra  ne  Teat  pu  dire,  par 
**  consilient,  oomme  on  Fa  atanoft,  pierre  liaiat  et  algne."— Saimt  Hilaibs, 
Vojfoge  dam  1st  Prwmeet  de  Rio  de  Jmmro  tt  de  Mma$  Owaeit  i.  p.  270 ; 
O  Reereador  Mineiro,  i.  (1845)  p.  146. 

Ton  Biehwege,  Amudei  det  Umsi,  Tni.  p.  419. 

t  Henwood,  CfomwaU  Oeol,  Dram.  Tt.  p*  227. 

I  Ton  Eichwege,  Atwales  det  Mineg,  Tiix.  p.  417.    Ante,  p.  172,  Note  X* 

i  Ton  Eschwege,  Pluio  BragiUmnB^  p.  306. 

From  its  similarity  in  eolow  to  the  plumage  of  a  well-known  BraiiUan  game- 
bird  (Psnelope  JacuiuiffaJ, 

HnnrooD,  Edinburgh  New  PkO.  Jmmw^  u  (16M)  p.  61. 


of  MinoB  Oeraes^  in  BraziL  215 

quartz,  yellowish  talc,  and  earthy  oxide  of  manganese 
in  smaller  quantities,  but  often-changing  proportions. 
Particles  of  gold  are  scattered  through  the  formation ; 
and  those  portions  of  it  in  which  manganese  and  talc 
abound  have  been  very  rich.  Near  the  surface  gold 
often  occurs  in  octahedral  crystals,*  of  deep  yellow 
colour,  and  exceeding  purity ;  at  greater  depths,  how- 
ever, it  frequently  assumes  the  hue  of  tarnished  silver, 
and  is  of  inferior  quality.f 

The  masses  (bunches)  of  gold,— on  which  this  mine 
has  been  worked  to  a  depth  of  twenty-five  fathoms — 
have  an  endlong  dip  or  shoot  %  towards  the  east 

In  some  places  a  few  laminae  of  quartz  and  micaceous 
iron-ore  overlie  the  (Jacotinga)  metalliferous  bed. 
{d.)  In  the  Itabira  mine  similar  rocks  prevail; — 

*  "  Near  Uie  turfaoe  a  considerable  proportion  of  the  gold  ocours  in  octahedral 
"  crystals." — Hbmwood,  ComwaU  OeoL  IVmu,,  yu  p.  228. 

"  The  greater  number  of  rare  and  curions  crystalline  minerala  occur  in  the 
"ihallower  portions  of  lodeip  and  usually  where  gossan  is  plentiftd;  •  •  • 
"  these  rarities  are,  howcTcr,  seldom  found  in  connection  with  large  quantities 
"  of  ore ;  though  other  parts  of  the  same  lodes  may  be  productiTe.— 

Ibid,  r,  p.  206. 

Becquerel,  TVaiU  d$  ViUetrieUk  0i  da  magnitiime,  nx.  p.  812.  Taylor,  SeimUi/lG 
Memoirs,!,  p.  431. 

t  '*  L'or  qu'elle  foumit  d'abord  €tait  d'une  belle  couleur  jaune  et  du  titre  de 
"  28^.  8 ;  mais  celui  que  Ton  trouTa  plus  tard  ayait  une  couleur  obscure.  Au 
"  reste,  ce  que  Ton  perdit  par  la  couleur  on  le  regagna  par  la  quantity  et,  dans 
*'  I'espace  de  deux  mois,  on  retira  de  cette  mine  trois  cent  quar&nte  trois  marcs  " 
(210-87  lbs.  Troy). 

Ssirii.  Mamobl  Joz&  Pirbs  da.  Silya.  Pomtm  ;  QuardarMtfr  Geral. 

ycyage  dans  les  Provinces  de  Riode  Janeiro  et  de  Minos  Oeraes  (Saint  Hilaire), 
L  p.  278.     O  Reereador  Mineiro,  i.  p.  146. 

*'  L'or  de  quelques  mines  des  euTirons  de  Itabira  do  Matto  Dentro  contient 
"  commun^ment  40  &  50  per  cent,  du  palladium." 

Claussbn,  BuOeiins  de  PAcadimie  Royale  des  Sciences  de  BruxeUes, 
Tin.  (Ire  partie)  p.  327. 

^Henwoodi  CormoaU  Qeok  Trans.,  y.  p.  193;  yi.  p.  228;  Anie,  pp.  122,200. 

II 
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but  mantliog  the  peak — ^they  range  from  south-east  to 
north-west,  and  incline  about  45*  north-east* 

The  metaUiferous  deposit  is  seldom  less  than  three  or 
more  than  eight  feet  in  width ;  its  ingpredients,  as  well 
earthy  as  metallic,  are  identical  with  those  wrought  at 
Santa  Anna;  but  its  richest  portions  fbunches^X — 
which  have  been  opened  as  much  as  forty  fathoms  from 
the  surface,  dip  or  shoot  lengthwise  towards  the  north- 
west. 

Many  other  gold-mines  have  been  worked  in  the 
neighbourhood,:};  with  more  or  less  success. 

The  rocks  above  the  (Jacotinga)  metalliferous  de- 
posit, pass  gradually  into  a  breccia  ( Tapanhoacanga  ; 

«  Henwood,  Comwatt  Oeol  Dxma,,  tz.  p.  227. 

t  **  Sexploitation  de  I'ltabira  est  pltu  importante  encore  qae  eelle  de  Ia 
**  Coneei^aS.  Le  mineral  j  est  pins  proche  de  la  surfaoe  de  la  montagne,  et, 
**  ponr  crenser  les  galeries  qid  Tont  obliqnement,  on  n'est  oblig^  de  traTerser  des 

**  banes  de  roohe.    Auenn  batda  n'a  fonmi  Jusqu'ici  plus  de  qnatre  onces  d'or." 

•    •    ♦ 

*'  A  r^poqne  oA  les  fonilles  dn  cAt^  occidental  de  Tltabira  farent  commene^eSy 
«  nn  des  mUienrs,  m^oontent  da  r^sultat  de  ses  traranx,  allait  abandonner  sea 
"  recberches,  lorsqne  la  chute  d*an  pen  de  terre  lui  fit  d^couvrir  nne  Tein  d'or  si 
"  abondante,  qn'en  six  jours,  il  obtint  6i  maros  "  (39*34  lbs.  TVojf)  **  d*or  aTec 
"  dome  outers."    •  •  ♦ 

'*  Malgr^  la  Tigilance  des  int^ress^s,  le  pillage  des  ouTriers  est  si  considerable, 
**  que  les  trois  quarts  de  Tor  qui  eireule  dans  les  cabarets  du  pays,  sortent  de 
**  cette  exploitation." — Sbnb.  M.  J.  Pibbs  da  Silta  Pontbb. 

Voyage  dans  Ua  Provificet  de  Rio  de  Janeiro  et  de  Minaa  Oeraes  (Saint  HUaire), 
I.  p.  272.     O  Recreador  Mineiro,  I.  p.  146. 

%  "  La  Concei^a^  fat  exploit^e  par  une  compagnie  quir^unitplusieurs  centaines 
**  d'ouTriers,  et,  en  pea  de  mois,  an  bameau  s'est  Iley6  sur  la  plus  afireuse  mon- 
'*  tagne.  A  T^poque  de  la  d^couyerte  de  la  mine»  on  ayait  d^j&  trouy^,  dans  one 
**  trancb^e,  an  gros  fil  d'or  d'une  demi-toise  de  longeor,  qui  adh^rait  aa  mineral 
*'  de  fer  pierreux ;  et,  plus  r^cemmetyune  seule  InxteA  a  foumi  yingt-buit  marcs  " 
(17*21  lbs.  Troy)  **  d'or.  Ce  m^tal  se  pr^sente  lei  en  lames  fragiles  plus  ou 
"moinesgrandes;  on  le  trouTe  aussi  en  grains  ou  en  poudre  d'une  couleur 
**  Tariable.  Jusqu'  k  present  on  a  reconnu  a  la  Conceifa^  deux  ^paisses  eoucbes 
**  nun^rales  Bdpar6et  par  un  lit  d'une  toise,  et  de  loxig  dec  m^ea  ooucbes  divers 


! 
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Canffa*)  which — ^in  some  places  only  a  few  inches,  but 
in  others  several  feet  thick — is  composed  chiefly  of 
massive  brown  iron-ore,  irregularly  mixed  with  quartz- 
ose  iron-mica-slate,  clay-slate,  and  quartz.  The  blocks, 
of  which  it  is  made  up,  are  seldom  more  than  a  few 
inches  in  bigness;  and  most  of  their  edges  seem  to 
have  suffered  decomposition  or  abrasion.  These  are 
cemented  by  indurated  brown — sometimes  spotted  and 
streaked  with  red — iron-ore;  through  which  grains 
of  quartz,  and — ^less  frequently — crystalline  particles  of 
gold  f  are  occasionally  scattered. 

The  tools  in  general  use  are  inefficient  and  rude, 
operations  are  therefore  costly  and  slow.     A  sharpened 


« 


filons  qui,  cotnme  elles,  s'^tendent  dans  la  direction  da  N^  au  S.O.  Dans  on 
**  interralle  de  seize  ans,  les  propri^taires  ont  retir6  de  la  mine  plus  de  Tingt 
'*  miBe  marcs  "  (12,295*56  lbs.  Troy)  ^  d'or,  et  Ton  pent  calculer  un  quart  en  sus 
^  pour  les  Tols,  qui  sont  extr^mement  commune.'* 

SBliB.  M.  J.  PIBB8  DA  SiLTA  P0KTE8. 

Vojfoffe  dam  Im  Provineea  de  Bio  d§  Janeiro  et  de  Minoi  Qeraee  (Saint  Hilaire), 
X.  p.  272.    O  Becreador  Mineiro,  i.  p.  Ii6. 

*  "  Tapanhoaean^  signifie,  dans  un  idiome  afrioain,  t^te  de  n^gre :  les  mineurs 
"  ont  donn^  ce  nom  a  la  roche  dont  il  est  question,  k  cause  de  sa  surface  raboteuse 
<*  et  qui  paralt  concr^tionn6e  comme  une  hematite." — ^yon  Esokitbob,  AnnaUe 
dee  Minee,  yni.  (1823)  p.  i20.    PhOo  BraeiUeneie,  p.  224. 

Mawe,  Travele  in  Brazil,  p.  303.  Ton  Spiz  und  Ton  Martins,  Beise  in  Braeilien, 
I.  p.  341.  Claussen,  BuUeiine  de  FAcad^mie  Boyale  de  BruxeUee,  Tin.  (Ire  partie) 
p.  335.  Gardner,  Dravele  in  the  interior  of  BrazU^  p.  478.  Henwood,  Cornwall 
Geol.  JVoiM.,  Ti.  p.  228.  Heusser  et  Claras,  Annalee  dee  Minee,  5me  S^rie,  XTii. 
p.  291. 

t  *'  Cette  terre  renferme  de  petits  crlstaux  d*or  extr^ment  beaux." 

Yon  Ebcbwbob,  Annalee  dee  Minee,  Tin,  p.  421. 

The  streets  of  Itabira  are  flooded  during  lieaTj  rains;  which  bring  from 
higher  grounds,  and  deposit  in  croTioes  of  the  uneven  pavement,  quantities  of 
earth  and  sandy  auriferous  iron-ore.  These  are  collected  and  carefully  washed 
by  children,  who  exchange  with  petty  shopkeepersi  for  bits  of  (rapaduraj  coarse 
lugtr,  the  few  grains  of  gold  they  extract. 
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bar  of  iron  (the  Alahanca^)  is  used  for  splitting  the 
harder  rocks ;  the  common  miner's-pick  serves  to  break 
ore  of  ordinary  quality :  whilst  a  somewhat  pointed 
hoe  (the  Almocafre\)  suffices  for  the  softer  ingredients. 

Most  of  the  ore  obtained  is  carried  in  shallow  wooden 
bowls  ( CkirumhhsX)^  on  the  heads  of  n^ro-workmen, 
to  the  surface,  through  inclined  openings  on  the  dip  or 
ehoot  of  the  richer  masses  (hunches)  of  Jacotinga.  At 
Santa  Anna,  however,  a  small  whimj  worked  by  oxen, 
slowly  raises  some  of  the  ore  in  buckets  (kibbles) 
through  a  vertical  shaft.§ 

(e.)  A  circuit  of  eighty  miles  at  least  is  supplied 
with  hooks,  hoes,  and  other  agricultural  implements 
of  iron  manufactured  at  and  near  ItabiraJ 


*  '*  UAlavanea  est  nne  barre  de  fer  dVnTiron  troii  k  quatre  pieds  de  longueur, 
"  tennin^e  d*un  c6t^  par  un  coin,  et  de  Tautre  par  un  pic  en  pyramide  quadran- 
"  gulaire.'*— Saixt  Hixjlxbb,  Voyage  dam  FJnt&ieur  de  BrUil,  i.  p.  244, 

t  "  On  dfaiigne  sous  le  nom  d^aimoeajre  une  pioche  aplatie  et  oourb^.'* — Ihid, 
p.  246. 

Agrlcola,  De  re  MetoOiea  (1867),  p.  110,  fy.  B, 

X  Ce  mot,  dans  le  langage  des  Indiens,  signifie  ioaiOe  de  torfye" 

Saikt  Hilaihb,  Voyage  da$u  rintiriem  de  Brieil,  i.  p.  245. 

{  Henwood,  ComtoaU  GeoL  Tnnw.,  ti.  p.  228. 

I  «  Les  forges  de  Girao  se  composaient  de  huit  foumeaux,  construits  eonine 
'*  celui  du  colonel  Antonio  Tomax,  et  dans  lequels  on  pouvait  fondre  k  la  fois  un 
*'  arobe  (32  Ut.)  de  m^tal.  Le  feu  ^tait  entretenu  dans  les  foumeauz  par  des 
«( soufflets  pour  la  plupart  mis  en  mouyement  par  I'eau.  Conune  le  mineral  se 
*'  trouye  k  Oirao  en  masses  tri-compactes,  on  commen^ait  par  le  broyer  k  I'aide 
«  d'un  bocard,  dont  le  moteur  6tait  une  roue  hydraulique,  Une  autre  roue  du 
•<  m^me  genre  faisait  mouToir  le  marteau  destine  k  battre  le  fer.  La  forge  de 
"  Girao  entretenait  environ  yingt-cinq  ouvriers,  dont  la  moitii  se  composait  d'ea- 
*'  dayes.  Les  autres,  libres,  et  presque  tons  blancs,  ^talent  nourris  et  receyaient 
"  une  yaleur  d'enyiron  yingt  sous  par  jour.*' 

Saint  Hilaibb,  Voyage  done  FlnUHem'  de  Brieilf  i.  p.  291. 

Mawe,  Travele  in  Brazil^  p.  296.  yon  Eschwege,  Phdo  BrasiUeneie,  pp.  609- 
629.  yon  Spix  und  yon  Martins,  Reiee  m  BratiHen,  ii.  p,  426.  Oardaeri  Ihneb 
in  BnutU,  p.  482. 
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(/.)  Between  Morro  Agudo  and  Pericaba  the  (Ita- 
columite)  quartzose  mica-slate  is  conformably  overlaid 
by  (Itahxrite)  alternating  layers  of  iron  and  quartz ; 
in  which  a  bed  of  (Jacotinga)  specular  and  oxydulated 
ore,  mixed  with  minute  quantities  of  grey  manganese 
and  still  smaller  proportions  of  gold, — traced  more 
than  twenty  miles  from  north  to  south, —  has,  at 
Mcnleoade^  long  been  quarried  to  a  width  of  fifty  feet 
for  smelting. 

Seven  Catalan  furnaces  and  six  ordinary  forges  are 
used  to  prepare  stamp-heads,  strapping-plates^  gudgeons^ 
cranks^  and  other  heavy  pieces  of  mining  machinery. 

Charcoal — the  only  fuel  employed  in  the  iron  manu* 
facture  of  Minas — ^made  of  hard  wood  grown  on  high, 
exposed,  and  stony  ground,  produces,  from  the  same 
ore,  tougher  metal  than  that  obtained  from  softer  timber 
which  has  flourished  in  low,  sheltered,  and  swampy 

places^t 

The  Brazilian — like  the  Castilian  and  Catalan — 
iron-smelters  obtain  their  blasts  from  the  fall  of  water 
through  long  tubes  into  wooden  pneumatic  receivers ; 
a  method  long  and  frequently  used  to  produce  venti- 
lation in  the  mines  of  Cornwall.:^    ^^  Monlevade  the 


^  Be  Monl«Tftde,  Annal$$  det  Mmea,  it.  p.  187.  Heiuser  et  Clam,  Ibid,  Ihne 
B^rie,  XTU.  p.  291.    Ante,  p.  171»  Note  *. 

t  M.  de  Monleradcy  MSS. 

X  A«  Pryoe,  who  wrote  in  1778,  describes  (Minmraloffia  Comubienm,  pp.  146- 
148, 200-202)  seTeral  other  modes  oiT  Tentilation  but  makes  no  mention  of  this, 
we  may  infer  that  it  was  then  unknown  in  ComwaU. 

Present  enquiry  when,  where,  and  by  whom  this  method  of  Tentilation  began 
to  be  used  in  the  mines  of  Cornwall  has  been  without  aTaiL    The  following  are 
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fall  is,  according  to  circumstances,  from  twenty  to 
twenty-eight  feet.* 

The  quartzose  talc-slate  of  the  Cara^a,  which  con- 


unongtt  the  earliest  instances  ascertained ;  but  it  is  not  pretended  that  either  of 
them  was  the  first : — 

Date.  Mine.  Antkoritj. 

1802 Tineroft William  Richards,  Esq.,  MSB. 

Jl^n    ....  Dokoaih John  Role,  Bsq.,  „ 

.Q.Q  C    Cfrowndalt (DtYon) Captain  James  Holman.    ,, 

IBIZ....^    UnitedMmea Captain  Simon  Darej,        „ 

^®^*  • '  •  •  I    CyilSlr^?r!f?r.. !'.  1!  II  I  Nicholas  VlTian,  Esq.,      „ 
1817  ....••  North  BoBkear Joseph  YlTian,  Esq.,         „ 

**  Lorsque  Ton  a  li  sa  disposition  ime  ehnte  d'ean  de  8  k  4  mtoes  an  moini 
**  hantenr,  on  pent  rutiliser  pour  6tablir  une  tronyMf  qui  sera  plac6e  prte  de 
"  I'ouTerture  d'entrte  de  Tair  dans  la  mine.  *  *  *  La  construction  de  la 
« trompe,  est  d'ailleurs  asses  g^n^ralement  oonnue.  •  •  •  Elle  se  eompos^ 
'*  d'un  canal,  qui  amine  I'eau;  d'un  arbre  fori,  reccTant  Teau  par  sa  partie 
**  BUp^rieure,  et  pos6  sur  le  fond  sup^rieur  d*une  caisse  on  barrique,  ouTerte  par 
"  le  bas,  et  plong^e  dans  une  fosse  remplie  d'eau ;  d'une  plaque  de  fonte  appel6e 
"  tdbUer,  sur  laqueUe  se  brise  Teau  tombant  par  I'arbre  oreux ;  et  d'un  porte-Tente 
«« ou  conduit  implant^  sur  le  fond  sup^rieur  de  la  caisse,  par  leqnel  Fair  digagi  de 
**  Teau  est  amen^  dans  le  pidts  ou  galerie  d*entr6e  de  Tair.  L'arbre  creuz  eat 
"  termin^e  k  sa  partie  sup6rieure  par  une  esp^ce  d'entonnoir,  appel4  itrangmUtm. 
"  Quatre  trousi  nomm^  lupiraUvrs^  sont  perc6s  Imm^atement  au-dessous  de 
**  r^tranguiUon  et  permettent  I'entr^e  de  Tair  atmosph^rique  qui  est  entrain^  par 
''  I'ean.  Dans  la  trompe  de  Baneiij  Tarbre  creuz  ayait  un  diamdtre  int^riciir  de 
«  Om -  22  "  (8*66  inches) ;  ^*  I'^tranguillon,  un  diamitre  de  Om  '15  "  (6-90  inohea). 
'*  La  hauteur  de  la  chute,  depuis  le  seuil  du  canal  qui  amenait  I'eau  jusqu'  an 
«<  tabUer, 6tait de 8a ^l " ( 33-89 feet) ;  *< le Tolume d'eau motrice de 40lL 50 litrea " 
(1*437  to  1*796  cubic  feet)  "  par  seconde.  L*air  pouyait  6tre  comprim6  dans  la 
'*  barrique,  de  fa^on  que  Vezcis  de  sa  pression  sur  la  pression  atmosphMque 
**  ttt  mesur6  par  une  colonne  d'eau  de  Om  '85  '*  (2*79  feet),  "  ou  par  une  colonne 
«  de  mercure  de  0m*062  "  (2'i4  inches)  «  de  hauteur.  La  yitesse  de  I'air  sortant 
"  sous  une  telle  compression  6tait  de  114  mitres  "  (374*02  feet)  "  par  seconde." 
BAJJBVJBBOVf  Annalet  dcM  Minet,  2me  S^ie,  it.  (1828)  pp.  211-213. 

Thibaud  et  Tardy,  Ibid^  Ire  S^rie,  Tin.  (1823)  pp.  295-628.  H^rou  de  Tille- 
"  fosse,  De  ia  RieheMM  MiniraU,  PI.  xlix.  fig.  10-14  (1819).  Combes,  TVaUi 
de  VEaBfMiUUion  dee  Migyu^  n.  pp.  504, 505.  Henwood,  BaOraetefivm  Me  MMonU 
of  Gcvemment  (Calcutta,  1855),  p.  41.  Mackwortfa,  Report  of  the  Royal  Cam- 
wM  Pofytechmo  Soeietsf  (1856),  p.  80.  Scoffsm,  The  UeffiU  Mdak  tmd  thmr 
AUoye  (1857),  p.  33.    Truran,  Ibid,  p.  Id8.« 

•M.  ds  Monlerade,  MS8, 
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tains  gold  at  Santa  Rila^*  is  succeeded  by  thin  alter- 
nations of  quartz  and  iron-ore,t  exactly  resembling 
those  at  Itabira,'^  Santa  Anna^^  MonlevadejW  Corrego 
de  Sao  Miguely^  CocdeSy^  and  Gongo  Soco.% 

Maintaining  a  general  parallelism  to  the  mountain- 
side, they  range  10'  W.  of  N.  &  E.  of  S.  through  a 
succession  of  picturesque  hills;  which  at  Boa  Vista^ 
Pitangui,  Morro  das  Almasy  Agoa  Qtiente,  Piracatu, 
Pissarrao^  Fazendao,  and  Durao^  are  deeply  scarred 
by  the  (Cattas**)  works  of  ancient  gold-miners. 

Although  this  formation  is  nowhere  utterly  destitute 
of  goldy  those  parts  only  of  it  are  wrought,  which — 
limited  in  some  places  to  the  beds,  but  in  others  to  the 
joints^ — consist  of  crystallized  specular  iron,  mixed 
with  smaller  quantities  of  grey  manganese,  talc,  earthy 
brown  iron-ore,  and  quartz. 

(^.)  At  Boa  Vista  granular  quartz,  and  specular 
iron-ore  sometimes  of  lamellar  sometimes  of  crystalline 
structure,  alternate  in  thin  beds;  which  —  dipping 
40M6*  E.— rdnge  10*  W.  of  N.  &  E.  of  S.  in  some 
places,  but  N.  and  S.  in  others. 

The  ore — chiefly  iron-glance,  quartz,  and  talc,  the 
refuse  of  former  operations — is  conveyed  by  hand  in 
shallow    wooden  bowls  (Carumbisjf  from  even   the 

•AfOe,^.  180. 

t "  A  CaUa»  AUat  il  7  «  des  Uvages  coniidSrables.  A  Corvoi  U  en  eziate  ansti 
"  beaucoup,  dont  un  rapporta  il  7  quelqnea  annte^  en  on  seul  moii,  on  b^n^oe 
"net6norme  de  19,200  fr.  (£764),  en  7  emplojant  senlement  quatre  n^gres." 

Mawx,  Annalet  de$  MinM,  n.  (1817),  p.  216. 

t  ilfOf,  p.  216.        iAnie,^.2U.        I  AnU,  1^,  219.       H  Pattea, 
*^ ''  On  appelle  ainai "  fCattoiJ  **  let  excaTationa  fidtee  par  lea  andena  mineun." 

S^niT  HzxJUBB,  Vo^ag9  dam  FlnUrUur  4h  BritU^  z.  p.  18S. 
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deepest  pits,  to  the  (Rancho)  washing-shed;  where 
small  quantities  of  gold  are  separated  from  it  by  slaves, 
whose  working-dresses  are  merely  loin-cloths,  cotton 
rugs,  and  straw  hats. 

(A.)  At  the  foot  of  a  high  and  glittering  cliff  of 
specular  iron-ore  deeply  scarped  by  the  works  of  ancient 
miners,  Pitangui  *  is  wrought,  to  a  depth  of  about  ten 

•  «  The  mine  of  Goarda  M6r  Innocencio  ii  a  large  excaTation  in  the  dde  of  a 
'*  range  of  groteeque  mountain!  "  (the  Cara^a).  **  The  npper  stratum  it  red 
•(  ochrey  earth  of  about  twenty  feet  thick;  underneath  follows  the  ferro-mica- 
•(  eeous  slate,  with  sand  between  the  lamine,  which  exactly  resembles  the  ore 
**  smelted  at  Timbopeba ;  and,  below  that,  compact  magnetic  or  oxydulated  iron- 
**  ore.  These  lower  beds  were  traTersed  by  Teina  of  ferruginous  quarts,  in  im- 
*<  mediate  contact  with  which  there  was  in  most  oases  some  specular  iron  in  thin 
"  laminn.  The  gold  existed  in  the  quarts  Teins  which  were  thin ;  but  ssTersl 
"  nearly  three  feet  across  had  been  just  oovered  up  by  a  fall  of  the  upper  stratum.*' 
•  •  • 

'*  The  quarts  Teins  alone  are  consigned  to  the  stamping  mUL'*    •  •  * 

**  The  larger  masses  are  split  by  means  of  fire." 

'*  From  this  lavra  I  proceeded  to  another  of  exactly  the  same  formation;  the 
"  iron,  howeveri  containing  a  little  gold,  is  stamped  as  well  as  the  quarts." 

Cauhslbvok,  Drav^U  in  StnUh  AmerieOt  lu  p.  282. 

**  Dlese  Goldmine  wird  sehon  seit  aohtxig  Jahren,  und  xwar  friiher  mit  sehr 
**  Tieleuy  jetst  nur  mit  achtsig  Negem  betrieben.  Auf  dem  weisien  Quarsschiefer, 
^  der  den  Hauptstock  des  gansen  Gebirges  bildet,  liegt  hier  ein  maehtiges  Lsger 
**  des  eisenhaltigen  oder  sogenannten  Eisenglimmersehiefers,  welches,  in  einer 
**  Hdhe  Ton  dreissig  bis  Tiersig  Klaftem  entbloest,  steile,  stahlgraue  Wande 
"  darstellt.  Diese  Gebirgsaift  besteht  aus  einem  feinkomigen,  rauchgrauen 
**  Quarse,  undstahlgrauen,  feinkomigen  Eisenglanse,  der  die  Stelle  des  gemeinen 
**  Glimmers  Tertritt.  Gewohnlich  ist  sie  dflnn,  selten  bis  xu  einem  Fuss  dick 
"  geschichtet,  oft  bei  grossem  Quar^gehalte  fast  serreiblich,  und  auf  den 
**  Ablosungen  mit  gelblich  braunem  Eisenocker  ttbersogen.  Hie  und  da  kommt 
**  darin  grossblattriger,  moistens  wellenformig  gebogener,  derber  Eisenglani  Tor. 
*'  Per  sogenannte  Eisenglimmerschiefer  streicht  in  Stunde  22  Ton  Suden  nach 
**  Norden,  und  fallt  unter  Winkeln  ?on  fiO"*  bis  80**  nach  Osten.  Mehr  oder 
<'  weniger  Tom  Quarse  abgesondert  kann  sein  Eisengehalt  fttnfkig  bis  siebensig 
"  Procente  betragen.  Man  bemerkt  XJebergange  in  reinen  Eisenglans,  hiuflger 
**  aber  noch  in  den  Quarsschiefer,  der  die  Hauptformation  ausmacht,  und  dem 
**  er  nur  als  maehtiges  Lager  untergeordnet  ist.  Gegen  den  Oipfel  des  Berges 
'*  bin  wird  diese  Bildung  von  der,  bereits  bei  Villa  Rica  beschriebenen  Eisen- 
**  steinflotzformation  bedeckt,  in  welcher  grosse  Stficke  von  Eisenersen,  die  bei 
**  dem  Goldwaschen  nicht  serstossen  werden  konnen,  werden  Ton  den  Negem  auf 
^  dem  Kopfe  aus  der  Mine  getragen,  und  ISngs  dem  Berge  Tor  dem  Hause  in 
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fethoms,  or  two  eeries  of  aariferous  liiiea ;  of  whicK 
one — parallel  to  the  cleav^e  of  the  neighbouring  rock 
—ranges  from  N.E.  to  S.W.,  and  incliaes  48'-65'  S.E. ; 
the  other — coaformiog  to  one  series  of  its  joints — 
bears  about  S.E.  &  N.W..  and  dips  62-78'  N.E, 
Partaking,  as  usual,  the  mineral  character  of  the  ad- 
joining formation,  they  alike  consist  of  specular  and 
earthy  brown  iron-ore  mixed  with  smaller  quanties  of 
manganese,  talc,  and  quartz.    The  particles,  threads, 

Fif.  18.  iiiAXOiii. 

AUtnmlimg  imdt  <if  gold  and  U*  matri*  (utnt4l  tUa). 


riMB  liDheD  Will  lof^chlchtet,  dei  dl«  groutan  Bohmalnreik*  Jahre  Ung 
fa  bnehiltlgaD  Im  Btiade  w&ie.  Dm  Oold  itt  toil  goldgelbei  Pube,  nnd 
kDmmt  twiMbni  dam  Eltanglitnmenehiaki  In  falnaiL  KomeiiL  tot,  dia  Tieb 
^Dialii«KT7aullkfttiDniflliclteaieigcn,uadb!iircllan  louteinuidcT  gewaohun 
aind,  due  rie  malkraie  ZoU  Unge,  dflnne,  iohient5rmlge,  an  ainandar  ataaienda 
Bailien  bilden.  Aooh  Im  EisenauinfloUa  nnd  Im  Quana  kotnmt  Qold  tot, 
melu  aber  noch  auf  den  AblSsnngaa  daa  darban  Bkangluuea  lelbit.  Ein 
michtlgai  Bmoh  CUlt  inr  RcgcDieit  aoa  dan  oberea  Tbcile  dn  Bargsa  in  dia 
luQtente  Schlaalit,  welcha  dai  EUenglinunerachiefetligar  bildet,  brii^t  dia, 
>Bi  dam  BiacnatrinfioU  aof  dar  HJ^a  dca  Bccga*  lo*geri*>enea  CFoldthatlcben 
mil  lich,  nnd  vaacht  don  SchUeh  ana  dam  aendblichsn  ElaengUminetlchiefeT 
cbrafatla  darch,  Ein  Tbeil  deaaelben  wlrd  in  einen,  uatcibalb  dar  Faienda 
Toigniehteten  Taicb  herabgatUbtt,  and  hieiaaa  daa  edie  Hetall  mittalat  dai 
'  Fataaa  aaagemaoken.  Baim  Schmelaen  arhalt  daa  hieilge  Gold,  wabnebelDlich 
'  dud)  die  betriielitiicbe  Beimangimg  tod  Braniutain,  Ananik  nad  Spleu glani." 
TOR  S?ix  uxs  VOX  MutTina,  Jtaua  m  BratUien,  i.  pp.  lQi-6.  tok 
EaoHwwii,  FUiio  Bratilimn*,'^.  16. 
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and  flakes  of  gold — obedient,  perhaps,  to  some  infla- 
enoe  of  the  strata — ^are  arranged  in  parallel  bands; 
which  alternate  with  corresponding  stripes  of  the 
matrix,  and  dip  (shoot)  east  from  the  granite*  (fig.  16 J. 
Negroes  carry  the  ore  in  bowls  on  their  heads  to  the 

surfoce.t 

(t.)  The  works  at  Monro  das  Almas  present  a 
precipice  of  specular  iron-ore,  higher  and  broader  than 
that  at  Pitangui ;  but  the  auriferous  laminae  it  contains 
are  irregular  and  poor.  Although  they  have  long  been 
abandoned,  heavy  rains  still  strip  from  them,  and 
deposit  in  the  Gorrego  da  Gangtca,  an  abundance  of 
ore ;  from  which  a  few  poor  people  extract,  by  stealth, 
trifling  quantities  of  gold. 

(j.)  At  Jgoa  Quente%  the  ancient  open-works  are 
much  smaller,  but  the  modem  mining  operations  which 
have  intersected  a  great  breadth  of  iron  mica-slate  are 
far  more  extensive  than  those  at  Pitangui  and  Boa 
Vista. 

(1.)  The  specular  and  oxydulated  ore  and  the  quartz 
of  which  (ItaUrite)  iron  mica-slate  is  chiefly  com- 
posed commonly  form  alternate  layers  of  small  but 
uniform  thickness.  These  are  usually  persistent ;  but 
now  and  then  a  band — ^indiflerently  of  either  ingre- 
dient— dwindles  and  disappears  {Fig.  17) ;  at  intervals 
masses  and  lamin®  of  one  mineral  are  enveloped  in 
strata  of  the  other ;  sometimes  the  materials — ^though 

«  AmUt  p.  176. 

t  Henwood,  QomwaU  GeoL  Drmu^  tz.  p.  228 ;  Ante,  p.  218. 
X  **  At  Agoa  Qnenta  an  old  man  remembered  the  water  which  had  leaned  luka- 
'*  warm  liom  the  mine;  but  which  had  lately  been  ooTered  up  by  a  fall  of  earth." 

Cau>glbvob,  ZhweCi  m  fiMA  iliiieri00,  IL  p,  288. 
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Id  unequal  proportions — ore  thoroughly  mixed;  and 
not  uncommonly  octahedral  crystals  of  ozydulated  ore 
are  imbedded  in  specular  iron. 

Between  beds  of  different  mineral  character  crevices 
are  numerous ;  some  of  these  are  several  &thom8  in 
length  and  height,  but  few  are  more  than  a  couple  of 
lines  and  none  exceed  two  inches  in  width.  Quartz,— 
here  and  there  crystalline  and  enclosing  at  times  crys- 
tals of  Utauite,* — often  either  porous  or  cellular,  but 
as  firequently  specular, — is  plentiful  in  scHne  of  them ; 
the  hydrous  oxide  of  iron  hangs  in  stalactites  from  the 
roofe  and  forms  tuberculated  crusts  on  the  floors  of 
others;  whilst  an  earthy  yellowish-brown  iron  ochre 
fills  the  rest 

Some  of  the  joints  are  filled  with  angular  masses 
of  specular  ore  and  ferruginous  quartz,  cemented  by 
hydrous  oxide  of  iron  and  imbedded  in  similar  ochre. 

At  some  distance  above  the  mica-slate,  but  beneath 
the  (Jticotinga)  auriferous  beds,  the  alternating  strata 

Fig.  IT.  AOOA  aonm  or  b. 


AUtnuOmg  lajftn  of  quart*  and  of  irtm^m,  diiplaetitb^  tmoB 
(Hatnnl  dn.) 
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of  iron-ore  and  of  quartz  are,  at  short  interyals,  ob- 
liquely traversed  by  yeins  of  quartz ;  which — sddom 
exceeding  half,  and  generally  less  than  a  quarter,  of 
an  inch  in  width — haye  neither  a  horizontal  nor  a 
vertical  range  of  more  than  a  few  feet*  These,  how- 
ever small,  so  dislocate  all  the  beds  they  intersect,  tliat 
each  severed  portion  occupies  a  higher  relative  position 
in  the  upper  (hanging-waUJf  than  its  counterpart  in 
the  (faoUwall)  lower,  side  of  the  cross-vein  {Fig.  17).t 
The  extent  of  displacement  (throw) — ^rarely  exceeding 
half  an  inch — ^is  greatest  at  the  middle  of  every  cross- 
vein;  but — gradually  diminishing  towards  either  ex- 
tremity,— ^18,  at  length,  barely  perceptible.*  Beyond 
the  range  of  each  intersection,  however,  the  rocks — 


•  **  Some  crosa-yeint  leem  peculiar  or  confined  to  certain  lodes,  and  do  not 
'*  extend  to  parallel  onei,  howeyer  near ;  whilit  others  appear  only  mt  certain 
"  leyeli  on  a  tingle  lode,  and  disappear  upwards,  downwards,  and  at  either  end." 

HzNWOOD,  CormoaU  OeoU  TVotw.,  t.  p.  881 ;  AwU,  p.  125. 

t  At  Wheal  Peever  the  im-lodet  underlaying  south,  is  trayersed  in  its  down- 
ward course  by  two  elidee,  both  underlying  north ; — 

In  one  cssa  the  part  of  the  tods  in  the  npper  side  (Aonyln^-iecilQ  of  the  tUis  Ii  18  fkns.  higher,— 
in  the  other  „  n  $»  n  n  1^  ftn.  low«^ 

than  the  respectiye  counterparts  in  the  opposite  sides  Cfio^  wallsj  of  the  elidee. 

These  interesting  interscctions^-described  by  John  Williams,  Jun.,  Esq., 
F.B.S.,  Geol,  Tram,  ly.  (1813)  p.  144,  PI.  VII.  fig.  2;  Richard  Thomas,  Esq., 
C.E.,  Survey  of  the  Mining  District  between  Chaeeioater  and  Camborne  (1819), 
pp.  28,  61,  Section  IX. ;  Joseph  Came,  Esq.,  F.B.S.,  F.G.S.,  Cornwall  GeoL 
Tra9U.f  II.  ( 1819)  p.  20,  PI.  II.  fig.  2 ;  John  Hawkins,  Esq.,  F.B.S.,  Ibid  (1820), 
p.  238,  Fl.  IV.  fig.  4,— were  suryeyed  and  figured  in  1803  by  the  late  Benjamin 
Sampson,  Esq.,  of  Tullimaar. 

*' The  down-slides  are  •  •  ♦  the  most  frequent  •  •  •  about  Redruth  and 
*'  Gwennap ;  but  in  St.  Agnes,  the  lodes  are  generally  started  upward." 

Hawkins,  Cornwall  Geol,  TVatw.,  u.  p.  241. 

"  At  South  Wheal  Towan  the  lode  in  the  lower  (foot  watt  J  occurs  at  a  higher 
**  leyel  than  in  the  upper  side  {hanging  waUj  of  the  slide/' 

HsNW^ooD,  Proceedings  of  the  Qeol  Soc,  i.  (1832)  p.  405; 
Cornwall  Qeol.  Trans,  v.  p.  331,  PI.  VII.,  fig.  15. 
«  At  Herlandt  BtUTs  or  North  Eerland  lode  is  found  at  a  lower  point  in  the 
<<  lower  (foot-waUJ  than  in  the  upper  side  {hanging-wall)  of  the  slide  which  inter- 
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maintaining  their  normal  positions— exhibit  no  sign 
of  disturbance. 

(2.)  Within  a  short  distance  of  its  upper  boundary, 
the  (Itahvrite)  iron  mica-slate  contains,  for  a  few 
fathoms  in  breadth,  an  unusually  small  proportion  of 
quartz ;  which  is,  for  the  most  part,  mixed,  rather  than 
iiiterlaminated.a8  elsewhere,  with  the  ore.  Mica,  how- 
ever,— diqxKied  in  the  ordinary  manner — ^is,  on  the 
contrary,  more  than  commonly  abundant. 

The  beds — in  some  places  much  coarser  than  in 
others,  yet  everywhere  of  granular  texture — bear  10'- 
15*  W.  of  N.  &  E.  of  S.,  and  on  the  north  dip — as  at 
Boa  Vista,  Pitangui,  and  Morro  das  ^/wiflw— 40'-62' 
E. ;  towards  the  south,  however,  they  gradually  assume 
a  higher  inclination,  and  at  length  dip  62'-76'  W. 

(3.)  These  are  the  only  productive  beds  at  Agoa 

Quente  ;  and  it  is  in  limited  portions,  even  of  them, 

that  gold  abounds.     The  richer  parts — conforming  to 

the  cleavage,  and  partaking,  in  some  measure,  the 
nature  of  the  rocks  they  interlie — consist  chiefly  of 

specular  and  micaceous  iron-ore;   of  which  certain 

"  sects  it."— HBinrooD,  Proeeedinga  of  the  Geol.  Soe.,  z.  (1832)  p.  405 ;  ComvxUl 
Geol  Tram.,  v.  Table  XXXIV. 

"  The  elip  or  plane  of  dislocation  hades,  dips,  underlays,  or  is  inclined  «  •  • 
*'  BO  as  to  pass  under  the  depressed  portion  of  the  strata  which  are  displaced. 
<*  *  *  *  In  some  hundred  instances  of  dislocation  I  have  never  seen  the  con- 
**  irary" — Pkofbssor  Phillips,  lUuatratione  of  the  Geology  of  Yorkehiret  ii. 
(1836)  p.  Ill,  PI.  XXIV.,  figs.  16,  17.    Ante,  p.  72,  Note. 

Pryce^  MinemUogia  Comubiensis,  p.  106.  Forster,  Section  of  the  Strata  from 
Newxutle  to  Croee  FeU,  pp.  191,  262.  Fox,  Report  of  the  Royal  Cornuxill  Poly- 
technic Society  (1836),  pp.  90,  97.  Leithart,  Mineral  Veins,  Prestwich  &  Morris, 
Quarterly  Jovarndl  of  the  Oeological  Society,  rr.  (1846)  p.  402.  Dela  Condamine, 
Ibid,  Till.  (1862)  p.  193.  Wallace,  On  the  law  which  regulate  the  dtpoeiiion  of 
Liad^fr€  in  Veine,  p.  £2,  PI.  VII. 
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neighbouring,  and  generally  parallel,  laminae  are  here 
and  there  UDCOofonnably  deflected;  but — resuming 
their  ordinary  direction  and  dip — within  short  dis- 
tances they  re-approach  and  again  coindde.  Some  of 
the  lenticular  spaces  thus  included  are  no  more  than  a 
fev  inches,  but  others  are  several  feet  in  length  and 
depth ;  none,  hovever,  exceed  eighteen,  and  most  of 
them  are  less  than  four,  inches  vide ;  whilst  many  are 
still  smaller. 

Fig.  18.  HoriaoHial  Steii«»  of  O*  Jaeatitpa. 

-t     -      .-_. 


-^ 


B,  IfioInB  of  ipeoal«T  utd  mlOMMtu  iroiMire, 
0.  AaiU«rou  depoalt  on  %  erouvtm, 
1.  Aniifennu  m«ii«t  of  {Jaeetiitpa)  brown  iion-ora,  miagmn,  tale,  qnwU, 
ind  oiTdnlMedlroii. 

Within  these  smooth  undulating  boundaries 
(F^.  18,  a.), — quartz  in  unequal,  but  sometimes  in 
large  proportions, — minute  crystals  of  oxydulated  and 
titaniferous  ore  in  constant  abundance, — together  with 
scales  of  micaceous  iron,  flakes  of  talc,  and  nests  of 
felspar-cIay  less  uniformly  distributed  and  in  smaller 
numbers, — are  imbedded  in  a  matrix  of  earthy  brown 
iron-ore  {z.);  of  which  every  joint  and  crevice  is 
slightly  tinged  with  manganese. 

Crystals  of  oxydulated  iron-ore  and  quartz, — though 
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large  ingredients  in  these  deposits, — seldom  or  never 
enclose,  yet  are  often  imbedded  in,  gold.  Laminse  of 
talc  and  of  micaceous  iron-ore,  on  the  contrary,  alter- 
nate with  leaves  of  gold,  many  of  which  are  no  thicker 
than  paper.  But  of  the  various  modes  in  which  gold 
is  distributed  elsewhere,  few  have  been  unnoticed  in 
some  part  or  other  of  the  earthy  brown  iron-ore,  which 
is  here  its  most  general  and  most  congenial  matrix. 

Beneath  extensive  works  of  early  gold-miners  which 
score  the  Motto  daAgoa  Quente,  many  ill-directed 
holes  spread  in  different  directions  from  a  ragged-sided 
pit,  which,  measuring  twenty-four  fSathoms  by  twelve 
at  the  top,  and  four  fathoms  square  at  the  bottom,  is 
about  nine  fathoms  deep.*  From  a  shaft  sunk  in  the 
north-eastern  comer  of  this  pit,  and  from  other  shafts 
near  it,  two  auriferous  formations  have  been  wrought 
to  a  depth  rather  exceeding  thirty  fathoms  from  the 
surface. 

(3 — a.)  The  MagalKaes^  or  western  bed,  maintains 
throughout  a  range  10 -15*  W.  of  N.  &  E.  of  S. ;  but 

one  port,— confonning  to  the  rooks  adjoiniiig,— -dips  •••  SO^-TO"  £. ;— - 
whilst  another,  soarcely  sixty  fathoms  distant,     „    •••  62^-76**  W.f 

But,  whether  the  dip  be  easterly  or  westerly,  the 
width — generally  less  than  one  inch — ^never  exceeds 
six  inches. 

Each  of  these  oppositely-inclined  portions  of  the 
same  bed  contains,  at  nearly  the  same  depth,  a  small 
deposit  (huncK)  of  gold.     (Fig.  18,  z.^ 

*  Henwood,  Blinuy,  PengiUy,  Loke,  and  mtchaiSy  BtjpwU  qf  ik9  Impmai 
BraMan  Mining  AuonaHoih  xun,  (1847)  pp.  1-7. 
t  Ani$,  p.  227. 
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Ncfik&m  or  McigaMM  hm/th. 


Depth. 

ftns. 

^dfh  of  bed, 
int. 

Froportl<m  of  gold 
in  the  ore. 

10 

40— 6-0 

....      0-012773 

13 

4-0    6-5 

....      0-006739 

18 

1-0— 2-0 

....      0-002017 

20 

07     1-0 

....  Tbinly  sprmkled  with  gold 

21 

0-5--0-7 

....  Traces  of  gold. 

28 

0-5— 0*7 

•  • .  •  S]jgbt  traces  of  gold. 

Southern  Inm^. 

Depth. 

Width  of  bed. 
ins. 

Proportion  of  gold 
in  the  ore. 

14 

•  •  •  • 

6-0 

0-008067 

21 

•  •  •  • 

1-0— 2-0 

.  .  •  *  VerrtUDlyKMttedwithffoI 

Talcose  clay  is  largely  mixed  with  the  other  ingre- 
clients;*  and,  towards  the  south,  small  crystals  of 
titaniferous  iron-ore  are  not  uncommon. 

(3 — 6.)  The  Bamba  Orande  formation  conforms  to 
the  rocks  on  either  side,  dips  45*-72*  E. ;  and — often 
a  mere  line,  though  at  times  as  much  as  eighteen 
inches, — ^is  seldom  more  than  two  inches,  wide.  In 
the  poorer  parts  it  is  not  always  easy  to  ascertain  which 
of  several  divergent  talcose  faces  represents  the  metal- 
liferous bed.  The  richer  portions  (Fig.  18,  z.\  which 
never  exceed  a  few  feet  in  length,  though  they  are 
generally  several  fathoms  in  depth,  consist — as  already 
mentioned  * — of  iron-ore,  talc,  felspar,  and  gold.  Two 
of  the  largest  (bunches)  masses  (z.  z.)  contained  gold 
in  the  following  proportions : — 
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Depth, 
fins. 

20 

99 

25 
27 
28 

» 

34 
38 

39 


Depth, 
fins. 


11 


99 


20 
21 


Northern  Btmch. 

Width  of  bad. 
ins. 

Fjwportion  of  gold 
in  the  ore. 

1—4     .., 

. . . .     0-002598 

3—4     ... 

....     0-006015 

3—4     ... 

. . .     0-006648 

2—4     ... 

, . . .     0-000379 

1     2     ... 

. . .     0-005217 

2    4     ... 

•  Thinly  spotted  with  gold. 

2—3     . . . 

•  Very  thinly  spotted  with  gold. 

3     6     ... 

.  At  intervals  thinly  spotted  with 
gold. 

1     2     ... 

.  Slight  traces  of  gold. 

Southern  buneh. 

Width  of  bed. 
ins. 

Proportion  of  gold 
in  the  ore. 

12—14  ... 

•  Very  thinly  spotted  with  ffold. 

2 — 3      ....  Thlnljr  spotted  with  gold  at 

interr^ 

4-6     0016988 

.6—8 0-008897 


99 

•» 

99 
99 

24 

•  •  e  .  •  •         9           Avr        .  •  •  • 

2—3     . . . . 

I  8ctm«1  iMini  mA  \ 
•  •  •     I      Im  Iku  1.       j     •  * 

3—6     .... 

At  intemUa  thinly  spotted  irith 
gold. 

Thinly  Bprinkled  with  gold. 

..     0-011975 

99 

3—5     .... 

. .     0-007091 

99 

3—6     . . . . 

. .     0-606944 

25 

3—4     .... 

. .     0000823 

99 

3—4     . . . . 

. .     0001703 

99 

4 

. .     00045 18 

99 

. .     0-005187 

99 

2—3     . . . . 

. .     0008705 

LL 

• 
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Southern  huneh  eontfained. 

Depth. 

Width  of  bed« 
ins. 

Froportioa  of  gold 
in  tho  ore* 

25     .., 

....     4—6     .... 

. .     0-013674 

29     .., 

....     2—3     .... 

. .     0-004384 

33     .., 

. . . .     4—7     .... 

. .     0-003286 

35     ... 

....     2—4     .... 

. .     0-005794 

»           •  • 

. . . .     1—3     .... 

. .     0-004787 

»           •  • 

. . . .     2—3     .... 

. .     0-000419 

97            •  •  ' 

. . . .     3—4     .... 

Spotted  with  gold. 

»>            •  • 

. . . .     2—3     .... 

Thinly  sprinkled  with  gold  at 
intenrals. 

38     .. 

. . . .     2—3     .... 

Sprinkled  with  gold. 

39     .. 

. . . .     1—2     .... 

» 

41     .. 

. . . .     1—2     .... 

. .     0-001774 

jf       ••••••      1*— 2      •  •  •  •  Very  thinly  spxizikled  mth 

gold. 

(3—  c.)  Midway  between  these  (bunches)  masses  a 
cross-vein  {Fig.  18,  o)— bearing  10*-20*  N.  of  E.  & 
S.  of  W.,  and  dipping  45*-68*  N, — traverses  the  iron- 
slate,  nearly  at  right-angles,  but  deflects  the  auriferous 
(jacotinga)  bed  towards  the  left-hand.*  Whilst  inter- 
secting the  iron-rock  it  is  a  simple  seam  of  quartz  from 
two  to  four  inches  in  width  ;  but  divides  into  branches 
when  accompanying  the  jacotinga  ;  which,  when  un- 
productive, is  often  highly  siliceous. 

At  twelve  fathoms  deep  the  deflected  part  formed, 
with  the  accompanying  cross-vein,  a  mass  twelve  feet 
long  and  eighteen  inches  wide;  which  towards  the  sides 
consisted  chiefly  of  quartz,  and  was  there  wholly  unpro- 

*Ante,  p.  28. 
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ductive ;  the  central  portions^  however,  were  in  great 
measure  made  up  of  earthy  brown  iron-ore,*  flecked 
with  talc,  and  mixed  with  small  quantities  of  micaceous 
and  oxydulated  iron ;  these  were  thickly,  though  ir- 
r^^Iarly,  sprinkled  with  masses,  particles,  veins,  and 
threads  of  gold.f 

At  a  depth  of  fourteen  fathoms  the  relations  and 
ingredients  of  this  mass  were  unchanged;  but  it 
scarcely  exceeded  seven  feet  in  length  or  fourteen 
inches  in  extreme  breadth ;  whilst  the  auriferous  part 
was  no  more  than  from  an  inch  to  two  inches  wide.;]: 

At  sixteen  fSathoms  from  the  sur&ce  it  was  only  four 
feet  long,  but  the  productive  seam  averaged  three 
inches  in  width.§ 

From  seventeen  to  twenty  fitthoms  deep  it  was  be- 
tween five  and  six  feet  long ;  and  the  jacotinga — yet 
bounded  by  quartz  at  the  sides — was,  for  a  width  of 
three  or  four  inches,  still  rich  in  gold. 


•  AnU^  p.  227. 

t  Henwood,  RtporU  of  the  Imperial  BntgiHan  Mining  AseociaHcn,  XLiu,  (1 847) 
p.  8. 

*^  At  about  fourteen  fathomB  from  the  surface  in  the  mine  of  Affoa  Quente 
**  f?e  sunk  about  six  or  eight  inches  on  part  of  a  rich  ^vein  from  four  to  six  feet 
<*  in  length  and  an  inch  to  three  inches  in  width,  and  the  ore  we  extracted  con- 
«<  tained  about  ten  pounds  (Troy)  of  gold." 

BL4XBT,  FXNQILLT,  &  LuKB,  Ibid,  p.  4. 

§  **  Operations  are  carried  on  by  sinking  in  micaceous  iron  slate,  on  a  line 
«<  about  three  inches  wide,  composed  of  iron,  manganese,  quartz,  and  gold.  From 
**  the  richest  part  of  it,  which  is  from  three  and  a  half  to  four  feet  long,  I  took 
"  two  hundred-weight  of  ore,  which  produced  "  (1-986  lb.  Troy)  **  201|  oitavaa  " 
(0*007110  its  weight)  **  of  gold.  *  *  *  On  another  occasion  I  took  from  the 
*'  same  Tein  three  hundred- weight  of  ore,  which  produced  "  (4*808  lbs.  Troy) 
*'  600  oiiavas  "  (0-011762  iU  weight)  **  of  gold,  besides  seyeral  small  but  very 
**  good  spedmens  which  were  not  weighed."— Hitchehb,  Ibid,  p.  6. 
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From  twelve  to  twenty-three  iathoins  the  quartz  and 
jacotinga  maintained  their  peculiar  positions;  whilst 
the  adjoining  rocks  consisted  chiefly  of  iron-ore.  At 
greater  depths,  however,  the  strata  assumed,  gradually, 
a  more  siliceous  character :  masses  of  auriferous  jaco- 
tinga were,  for  some  distance,  irregularly  scattered 
through  the  quartz ;  but  as  the  ingredients  were,  by 
degrees,  more  thoroughly  intermingled,  gold  became 
proportionally  scarce. 

Between  twenty-five  and  thirty-one  &thoms  the  de- 
flected mass  was  but  four  feet  long  by  three  or  four 
inches  wide;  and  deeper  portions  were  still  smaller. 
Earthy  brown  iron-ore,  the  most  congenial  matrix, — 
gradually  diminishing— at  last  disappeared ;  and  the 
formation,  then  composed  of  micaceous  iron  and  quartz 
only,  afibrded  scarcely  a  trace  of  gold.* 

The  deflected  ^acottn^a— conforming  to  the  crass-^ 
vein  which  deflects  it,  and  thus  underlying  45"-58*  N. 
—intersects  many  of  the  neighbouring  strata ;  f  but 
consists  of  kindly  vein-stone  only  whilst  it  traverses 
those  shallower  parts  of  them  which  are  composed 
chiefly  of  iron-ore.  The  auriferous  (bunch)  portion, 
obedient,  perhaps,  to  some  influence  of  the  adjoining 
rocks,  coincides  with  their  dip  from  the  granite,:]:  and 
shoots,  endlong,  40*-50'  towards  the  E. 

*  Bqfoirta  of  the  Imperial  Bnuilian  Mining  Aeeoctaium,  u.  (1S£1)  p.  2. 
t  Ante,  p.  232. 

X  Henwood,  ComwaU  Geol.  Trant,,  v.  p.  193;  vi.  p.  146:  London,  Edinbrnph, 
and  Dublin  PhiL  Mag.,  3rd  Series,  xxy.  (1844)  p.  363.    Ante,  pp.  32, 125,  207. 
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Depth. 
Iins. 


16 

17 
18 
20 
25 
27 
31 


Smb»  Ormuh  (4^fltct»i)  jaeulmg^  (Fig.  18,  o). 

Width  of  bed.  Fiopoition  of  gold 

ins.  in  theoie. 


fO-( 

lo-( 


12  1—5  0017232 

14  1—2  0017479 

0-007110* 

•01 1762  • 

0-008262 

0-015184 

2—3  0-004377 

4 — 6      Spotted  with  gold. 

3—4      Thinly  sprinkled  irith  gold. 

2 — 3      * . . .  .  Scarcely  a  tiaoe  of  gold.f 

The  following  monthly  returns,;}^  made  whilst  Agoa 
Qttente  was  worked  by  the  Imperial  Brazilian  Mining 
Association,  show  the  irregular  distribation  of  gold  in 
adjoining  masses  of  jacotinga. 


1847. 

1848. 

1840. 

1850. 

1851. 

1852. 

1853. 

Jan.  •••• 

^mm 

11*600 

43*387 

6*321 

3*154 

0-587 

Feb 

— 

3*138 

85-338 

6*750 

10*658 

0000 

m^ 

March  •• 

.— 

»- 

16*813 

5-804 

8-333 

2-200 

m^ 

April..  •• 

— 

— . 

15-283 

33*804 

6067 

2*604 

0*471 

Kay  .... 

— 

— 

11*175 

48*462 

10*454 

1*575 

..    • 

Jane . . .  • 

— 

— 

50*712 

5*338 

7-088 

1*338 

0-471 

Jvlj  •••• 

24*550 

11025 

6-186 

15*817 

3*087 

0-030 

..^ 

Aug.  .. 

26-368 

62*142 

8-275 

16-270 

1*504 

1*355 

0*150 

Sept.  .. 

». 

32*706 

2*725 

10-567 

2*302 

0*502 

.. 

Oct.   •• 

— 

80*820 

0*604 

27-575 

3-721 

0*228 

.— 

Not,   .. 

— . 

16*406 

12-054 

6-408 

3-342 

■^ 

_ 

Dec.   .. 

15-582 

17*545 

58-288 

0*255 

0*402 

— 

— 

66-400 

178-471 

242-062 

238-446 

65*250 

14*705 

1*670 

Total. ...  808*102  lbs  Troy. 


«  AnUt  p.  233,  Note  {.    t  Awte^  p.  234,  Note  •• 

%  Reports  of  the  In^iterial  Brazilian  Mining  AstoeioHon,  ZLIT.  (1848)  p.  7 ; 
XLT.  p.  7 ;  XLVi.  p.  10 ;  zlyii.  p.  7 ;  xltixi.  p.  6 ;  xlix.  p.  0 ;  l.  p.  7 ;  li.  p.  10 ; 
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(4.)  The  gold  of  Agoa  Quente  seldom  exceeds 
twenty-two  carats  fine,  and  silver  is  its  only  alloy.* 

{k.)  At  Piracatti,  PissarraOj  and  Fazendao^  south 
of  Agoa  Quente^  the  iron-slate — still  parallel  to  the 
Cara^a— ranges  6-1 0*  £•  of  N.  and  W,  of  S;  but, 
though  often  examined,  it  has  hitherto  yielded  no 
gold. 

(JL)  Further  southward,  however,  the  same  formation 
—  covered  with  a  crust  of  Canga'\  —  contains,  at 
Durao^  nests  of  jacotinga  interspersed  with  particles 
of  native  copper ;{:  and,  yet  more  sparingly,  with  small 
crystals  of  gold. 


ui.  p.  7 ;  Liii.  p.  18 ;  lit.  p.  16 ;  ly.  p.  18 ;  ltz.  (1864)  p.  9.    Hont^ 
091  Gold,  p.  201. 

*  **  Tht  gold  of  Agoa  QumUe,  which  ii  from  21*3  to  22  cants  fine,  affords  no 
''  trace  either  of  palladium  or  of  copper,  but  is  allojed  with  silyer  oidj." 

PmoiTAL  NosTOK  JoHysoK,  Esq.,  F.B.8.,  F.O.8.,  Ac,  HSS. 

Ton  Eachwege,  PhOo  BroiiUmait,  p.  298.  de  Saint  Hilaire,  Toyo^  dmu 
rintMeur  du  BrMlt  i.  p.  187. 

t  Ton  Eschwege,  PhOo  BfwilUnaiSt  p.  224.  AmuUeB  det  Jlmev,  vm.  (1823) 
p.  420.    Ante,  p.  217,  Note. 

Bntre  le  hameau  de  Morro  d^Agoa  Quent§  et  Inficionado,  '*  nous  traTenftmes 
**  un  terrain  entidrement  ferrugineux,  convert  de  bois,  et  nous  j  recueilUmes  un 
*<  grande  nombre  de  belles  plantes,  prinoipalement  de  sapocyn^es.  Nous  ob- 
'*  senrAmes  qu'n  g6n6ral  les  terrains  de  eette  nature  sont  eeuz  qui  offient  1ft 
'*  T^6tation  la  plus  Tari6e.  Les  plantes  y  sont  ordinairement  moins  Yigoureoses 
**  qu'ailleurs,  mala  elles  ne  contiennent  pas,  k  beaucoup  pris  autant  de  parties 
'*  aquenses.  Certains  T^g^taux  indiquent  presque  avec  certitude  la  presence 
"  du  fer,  et,  parmi  eux,  on  doit  citer  prinoipalement  trois  espices  de  quinquina  k 
"  tige  fort  gr^le,  qui  fttant  trds-Toisines,  sont  confondues  par  les  habitans  sous  le 
«<  nom  de  ^[uina  da  Serra  ou  de  Rem\fo,  et  qu'ils  emploient  avec  succis  oomme 
**  f^rifuges  (einchona  fBrruginea^  VeUozii^  Rem^iana,  Aug.  de  Saint  EiL)." 

DB  Saint-Eilaj&b,  Voffoga  dan»  VIntMew  du  BrMl,  u  p.  187. 

X  **  Bine  Stunde  **  Ton  Inficionado,  '*  nachdem  man  eine  bergigte  Gegend,  die 
*<  Serra  de  Tapanhoacanga  genannt,  Uberschritten  hat,  woselbst  das  Eisen-Con- 
«  glomerat  die  ganse  Oberflaehe  wie  eine  gepflasterte  Tenne  Ubersieht,  kommt 
**  man  dicht  amFusse  der  hohen  Serra  do  Carassa,  von  der  meine  Freunde,  t.  Spix 
«( und  V.  Martins,  in  ihren  Tortreifiichen  Reisebemerkungen  genauere  Nachrichten 
»  geben,  nach  der  Fasenda  des  Capital  Durad,  der  wic  bei  der  Oeschichte  des 
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(sn.)  Immediately  south  of  the  Peri^icaba,  a  broad 
band  of  micaceous  iron  is  largely  charged  with  octa- 
hedrons of  oxydulated  ore ;  but  it  affords  no  gold.* 

(n,)  The  ancient  (talho  abertof)  open-work:};  of 
Catta  Preta  reaches,  from  within  half-a-mile  of  the 
river,  some  eight  hundred  fSeithoms  lengthwise  towards 
the  south ;  but  is  no  more  than  a  few  feet  wide  in 
some  places,  though  as  much  as  forty  fathoms  in 
others. 

The  lamellar  structure  prevalent  throughout,  is  un- 
equally developed  in  different  parts  of  the  {Carvo€ira\) 


'^Biflens  bemerkt  werden  wird,  4^  enta  war,  welcher  Eisen  schmols,  und  den 
''gediegenen  Kupfenand  entdeokte." 

TON  EsoHWBOB,  PhOo  BftttHimuitt  p.  298. 
**  Th*  riohMt  portion  tfibrded,— 

*'Copper   •••« • #.•• 85* 

«<Oold  r. 7' 

''OzjdnUted  iron-ore  (sand). • •    8' 


100 


ft 


Pbkoiyal  K0B.TON  JoHHBON,  Esa..  F.B.S.,  F.G.S.,  &c.,  USS. 
Henwood,  Edin.  New  PMl  Journal,  L.  (1851)  p.  63. 

•Henwood,  BsporUofthe  Impwiai  BraxOian  MuUng  AuoekUionfXU.  (1846) 
p.  10. 

t  '*  Talho  Aherio  ^-traTail  h  del  onTert." 

DB  8Ai]rr-Hzx.AiBa,  Voyage  done  rinihiem'  du  BrieU,  x«p.  248. 

X  **  The  kmrae  of  Catta  Preta,  CaUa  Velka,  and  Catta  Onuide  are  amongst 
*'  those  that  were  first  worked  by  the  PauUetaa  (natiTes  of  8a5  Paolo)  about  the 
'•  jear  1690."— Oabbnbb,  Beporteofthe  In^perial  BrasUian  Mining  AuooiaHon^ 
n.  (1826)  p.  69. 

"  From  an  ezoavation  about  one  hundred  paXmaa  "  (12  fathoms)  "  long  in 
"  front  of  the  house  Colonel  Manoel  Femandes  de  OliTeira  in  the  years  1716-7 
*«  extracted  20,800  oitavas  "  (199*808  lbs.  Troy)  «  of  gold." 

Da  Gaxa,  Ihidy  p.  67. 

**  When  a  late  Captain  General  of  the  ProTinee  visited  Catta  Preta  with  Y^ 
"  Mite,  a  plate  containing  scTeral  specimens  of  gold  from  the  mine,  waS|  in  place 
*'  of  dessert,  set  before  each  guest.*' 

Captain  Manobl  Joz&  Fxbkandbb  dx  Oxjtxi&a,  USS. 

}  "  Bei  Infidonado  flndet  man  die  sonst  so  berOhmte  Laiva  da  Catta  Preta. 
"  Dm  Muttergebirge  der  Goldfoimation  ist  hier  eine  schwarse  thonigte  vnd 


33^  ^^  ^  the  OoU-Mines 

&S  ^tvagt^^i    7^^>   conforming   to    the 

f  ^  ti^Ji 

^^^^..."-^"^  ^jgi/SeluB  and  ■ohmierige  ICMse,  dcren  TertiMk  Seld^toi 
-^""^•i^f^^^^trelcheii  haben,  and  am  Fosse  des  hoheren  Oel»irget 
"'^^'^^^  ^^^iei  ibrUsofend  sind.    Disse  sehwane  Masse  enthalt  hicr 


"^  ^^'^^c^  ^^^  Magneteisenstein,  dichtem  und  spkgliditen 

"^Mi*^  f^rsilgUeh  sehoa  aneh  in  demselben  in  doppelt  Tieractt%e& 

'^ J^  ^  !!a  dtf  0rdsse  einer  welchen  Nnss  and  darttber  crystalliairt  fiadet. 

^ipi^^^j^mea  grosser  isolirter  FelsenstUke  Ton  BisensternmasBini  in  der 

^jf^^^'L^itttn  Oebiigsmasse,  bleibt  immer  schr  mcrkwilrdigy  da  hier 

««9cM^  jjggf  TOO  einer  neueren  Anschwemmnng  die  Rede  uiehl  seyn  kaim, 

'^'^tl  ^j^^lfgsschichteh  sa  beiden  Seiten  des  Goldlagers,  welcbes  in  das 

"^'^tZrtttf'^  Torkommende  UebergSnge  macbt,  in  dem  es  sioh  dnrdi  niehta 

"^^iteFsr^  nnterscheidet,  Ton  demselben  Alter  der  Urfoimation  sa  aeya 

0p»rtM  ^^  ^^^  GeUrgsscbiohten  laofen  in  dieser  sehwanen  Thon-uad 

rr jtmif**  fitrgjfcn  einesmttrben  eiaenschUssigen  Qaaries,  der  TorsiigUeli  gold- 

I  k^tlg  nnd  reieh  ist.  Diese  Streifen^  die  als  die  wshre  Gold-Forma^  angeseben 

tt  irtfdeDy  sind  nicht  vber  einige  ZoU  stark,  erreiehen  luweilen  ihr  Bnde,  ziehea 

(•  fieb  iB  Nestem  susammen,  and  setsen  dann  susammenhangend  welter  fort,  to 

«firid  aneh  Tertical  in  die  Tiefe  nieder.    Geologiadi  merkwiirdig  aof  dieecm 

fi  Quarsstreifen  ist  das  Yorkommen  ToUkommener  abgemadeter  Qoarsgeschiebe, 

it  nod  der  Bergmann  will  die  Bemerknng  gemacht  haben,  das  wo  diese  era^elney 

i<  die  Formats  goldreicher  ist  *  *  *  * 

(•  Die  sehwarae  Talkerde  enthalt  aneh  sehr  Tielen  ArsenikkieSy  den  man  liier 
ti  ^timonium  su  nennen  pflegt,  als  feinen  Staab  beigemengt.  •  •  • 
«  Aof  70  Palmen  **  (8*4  fathoms)  **  tief  bat  man  in  der  Forma^  an  manehen 
«« Stellen  niedergearbeitet  and  aofserordentlich  Tiel  Gold  gewonnen,  allein  da  die 
t*  Qaellwasser  sn  stark  waren  and  die  Gebirgsarten  in  weich,  so  waren  eisiere 

<i  nieht  mehr  sa  Sompf  in  halten,  nnd  letstere  Terstortten  Immer  die  Arbeit. 

•  •••••• 

« Im  Jabre  1816  waren  noeh  60  ScIaTen  in  dieser  Laira  besehfifUgt,  welelie 
**  gegen  2000  OetaTen  "  (19*212  lbs.  Troy)  "  Gold  gewannen." 

Toir  Ebohwxob,  PkUo  Bnuiii^mii,  pp.  295-6. 

''Die  Camoeira  selbst,  •  •  •  leigt  riicksicbtlich  Ibrer  Gemengtbefle 
'*  mebrere  Yerscbiedenbeiten.  Bisweilen  nimmt  der  Braonsteingebalt  sn,  die 
**  Farbe  der  Lagermasse  wird  sodann  scbwarslicb  gran.  Sehmale  Sehiehten  Toa 
*'  Braoneisenstein,  der  nicbt  seiten  scbon  in  gelben  Bisenoeker  aofgelost  Ist, 
**  and  Ton  Qoars,  welober  in  abgerondeten  Kdmem  eingewadisen  benrortritt, 
<*  durcludeben  bisweilen  die  Lagermasse.  Kleine  Komer  gediegenen  Goldes, 
"  and  sehr  kleine  nadelfbrmige  Krystalle  Ton  edlem  Seborl  setaen  in  diesem 
<•  Gemenge  aof.  Bndlicb  gebt  die  Lagermasse  biswdlen  in  erdiges,  eisensebis- 
'*  siges  Graabraonsteinera  iiber,  das  aber  immer  noeb  mit  sebr  feinen  Qoais- 
**  komoben  gemengt  ist.  In  dieser  Bildong  enthalt  es  Tiele  Hoblongen,  welehe 
'*  mit  silberweissem  Talk,  theils  nbersogen,  theils  ansgeflilU  sind.  In  diesem 
"erdigen  Granbiannsteinerse  finden  slob  Cknokehen  Ton  graolidi  weisseu 
**  Qaarxei  nit  vndentUchen  KrjstaUen  edlen  Schorls,  eingewaGhsen.  H&ufig  ist 
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metalliferous  quartz-rock  beneath,*    it  always  dips 
towards  the  east. 

Siliceous  sand  and  earthy  talc  are  the  chief  ingredi- 
ents ;  but  black  manganese  and  earthy  brown  iron-ore 
which  also  abound, — the  former  in  the  lower  the  latter 
in  the  upper  portions — impart  difierent  hues  to  the 
Fiff.  19. 

Carvo4irafarmalioH. 


a  Asrifuon*  quKti-KMk. 
ft  Civwdra  (qnuti,  talc, 
«        „         ftuifennu  bed. 
dQMaia. 


'■  ^eMT  TOO  dnnkel  laneligTaner  nnd  toliinner  Fub«,  in  klrinn  nud  whr  klainen 
"  ItaaiiomiJgtn  KijcUllen  mit  data  leht  MnkifniiBeii,  ■enaibUcheiL  Quine, 
"  wbI^w  einan  Thdl  der  laganoMM  aiuinulLt,  to  tnaig  TirwuhHii,  d*u  Mlbt 
"  al*  dab  enchrint,  nad  dsm  SchorlfeU  Umlioli  iat.  Er  bUdst  etmelne,  iri* 
"  M  iddnt,  maiiMu  itampftekige  StUoke,  la  mlahin  iriadn  logeiuimtei  Fett- 
"  qntxt  mit  nbr  Uelnen  BdunllciTitaUaa  alngawsahmi  lit.  TonDglioh  aoliaii 
<■  kmnint  koI  dlalem  Lagtr  dai  Fsrglimmar  vor.  •  •  •  Bin  ooiutltiiirendei 
"  TbaH  dleaei  goldfllbmidan  Lagan  achaint  dar  Qoali  in  lejn.  Bi  hat  alna 
"  ranebgrana  Firbe,  dla  dnioh  Biaanoijd  lothllch  gran  irtrd.  •  *  *  In  dlcian 
"  Qnane  kommt  Aiienlkklaa,  wla  aa  lohalnt,  in  atnmpreoldgeD  Stlioken,  Ton 
"  brannem  BUanoxjrd,  In  walebeia  gsdlagsn  Qold  In  aahr  klalnen  WOrfeln 
"  ciagewaebMn  iat,  mngeban,  toi.  Et  hat  sine  aQberweine,  Ini  Zinnweiiae 
"  Ubergcfaende  Farbe  und  koine  boaoodeie  Uciknale." 

TDK  Bra  tmd  ton  U&ktiits,  lUiM  in  Brtuilim,  i.  pp.  3£3-4. 
•  ArOt,  p.  181. 
MM 
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strata,  as  one  or  the  other  prevails.  The  deeper  parts 
of  the  deposit  enclose  isolated  crystals,  short  thin  beds^ 
and  large  lenticular  masses  (hone$^)  of  micaceous  and 
oxydulated  iron;  as  well  as  small  irregular  layers 
and  reniform  aggregations  of  earthy  manganesic  ore^ 
containing  drusy  cavities  lined  with  crystals  of  manga- 
nese. Minute  single  crystak  of  dark  green  schorl  are 
also  numerous. 

Although  the  formation  formerly  yielded  much  gold 
near  the  surface,  the  only  bed  which  now  affords  more 
than  a  trace  bears  10-20*  £.  of  N.  and  W.  of  S.  to  a 
depth  of  fifteen  fathoms,  averages  twelve  feet  in  width,t 
and  consists  of  earthy  manganese,  brown  iron-ore,  and 
siliceous  sand,  j:  here  and  there  mixed  with  talc  and 
felspar-clay.  Irregularly-shaped,  but  somewhat  rhom- 
boidal,  blocks  of  milk-white  quartz  (Fig.  19,  d)  are, 
at  unequal  intervals,  imbedded  in  the  other  ingredients 
(c),  on  lines  coincident  with  the  strata,  both  in  direction 
and  in  dip.    These  masses  of  quartz  are  larger  in  some 

*  Plyee,  Mmmdogia  Coniti6MfMw»  p.  99. 

t  Henwood,  BeporU  of  iK$  Imperial  BrmiUan  Mmm^  Aiioeiatiomp  -n-m. 
(1845)  p.  12. 

%  **  The  Urge  lode  that  mm  the  long  wmj  of  the  estate  is  *  *  *  composed  of 
"  iron  and  manganese,  gold  ia  mixed  all  through  it.    The  water  was  drained 
**  with  ehain  pomps,  and  the  ore  was  drawn  up  by  a  water-wheel  in  small  wheel 
"  carrisges."— Tbzgonimo,  Ihidf  ii.  (1826)  p.  66. 
An  average  sample  afforded^ — 

*' Peroxide  of  manganese 51*0 

*<  Peroxide  of  iron 12-6 

"Sflex 82*0 

<«Water    r...      4*4 

"  100-0." 

PlBOZYAl  NOBTOW  JOHKBON,  ES^,  F«B.S.y  F.O.8.,  &C.,  &€.|  MSS. 
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lines  than  in  others ;  each  series  of  them  has,  however, 
within  certain  limits^  its  own  peculiar  width;*  but 
neither  adaptation  of  confronting  faces,  nor  the  other 
conditions  of  adjacent  blocks,  afford  evidence  of  their 
previous  union^f  Nests  of  granular  quartz,  tinged  at 
times  with  brown  iron*ore,  occur,  at  irr^ular  intervals, 
in  some  parts  of  the  mass ;  whilst  small  crystals,  short 
threads,  and  thin  plates  of  gold  are  scattered  through 
the  formation ;  more  sparingly,  however,  in  the  quartz 
than  through  portions  of  the  adjoining  matrix,  but 
thinly  even  in  these. 

From  fifteen  fathoms  downward  both  quartz  and 
gold  diminish  so  rapidly  that  at  eighteen  fathoms  mere 
traces  of  them  remain ; ;{:  meanwhile  other  changes 
assimilate  deeper  parts  of  the  auriferous  bed  to  neigh- 
bouring barren  strata. 

The  upper,  and  more  ferruginous,  beds  have  been 
frequently,  largely,  and  closely  examined;  but  in 
vain.§ 

The  slopes  and  subordinate  ranges  of  the  Cara^a 
are  clothed  with  magnificent  virgin  forests  inhabited 
by  herds  of  deer,  troops  of  monkeys,  and  by  smaller 
numbers  of   the  sloth,    the   onfa^    and    other  wild 


*  Henwood,  Comtoatt  QeoL  I)raM„  y*  p.  241. 

t  Henwood,  Ihidf  ni.  p.  329 ;  Bule,  Ibid,  Yii.  p.  161« 

%  **  At  the  eighteen  fathom  leyel  we  have  reaohed  the  spot  at  which  we  should 
''  haTe  intersected  the  auriferous  formation,  if  it  had  maintained  the  direction 
<'  and  dip  observed  at  the  ten.  To  our  disappointment,  however,  only  a  trace  of 
'*  it  was  found.  At  the  same  time  siliceous  sand,  which  had  already  obstructed 
'*  u«  in  other  parts  of  the  mine,  effectually  preyented  further  progress." 

BeporU  oj  the  Imperial  Brazilian  Mining  AisodaOon,  XLi.  (1846)  p.  9, 

i  Ibid,  p.  10. 


J 
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linimals.  The  jac6  (Penelope  Marail  ^)^  the  capoeira 
(Tinamus  Brasilieneis'fX  ^^  nhambu  (Pezus  niam^ 
baX)^  the  toucan,  and  many  varieties  of  the  parrot 
tribe,  breed  in  their  deepest  recesses.  The  tapir,  the 
capivdra  (HydrocJuBrus  capyhara)^  and  the  otter  fre- 
quent the  tarns,  swamps,  and  streams  of  every  glen  in 
this  well-watered  region ;  whilst  the  rattle-snake,  the 
jarar4ca  (Bothrops  Neumedii  §  ^,  and  the  cainana  || 
abound  on  the  Canga. 

(o.)  At  the  Chrrego  de  Sao  Miguel^^  near  Sa5  Joa5 
do  Morro  Grande,  laminae  of  bluish-grey  talc  and  thin 
irregular  strata  of  compact  brown  and  lamelliform 
oxydulated  iron-ore  interlie  a  bed  of  micaceous  iron 
nearly  sixty  feet  in  width;  which  presents  many 
irregularities  in  both  direction  and  dip,  but,  on  the 
whole,  ranges  from  south-east  to  north-west,  and  in* 
clines  about  40*  towards  the  north-east 

The  ore,  when  broken  with  bars  of  iron  (AlabancasJ 
and  pointed  hoes  (almocAfres)j  is  washed,  for  sake  of 
the  minute  proportion  of  gold  **  mixed  with  it,  and 
then  smelted. tf. 

*  Ton  Spix  und  von  Martins,  RtuemBranlim^  i.  p.  868. 
t  Ihid^  T.  p.  325.  de  SaintpHilaire,  Voyage  dona  FlntMeur  dH  Brtiil,  i.  p.  282. 
J  Ton  Spix  und  Ton  Martins,  Beite  m  BroiUien^  lu  p.  464. 
{ Ibid,  I.  p.  806. 

II  de  Saint-Hilaire,  Fd^yo^tf  dam  Plntiriiur  du  Br^tU^  i.  p.  406. 
Y  "  A  few  Tery  Binall  diamonds  of  inferior  quality  haye  been  lately  found  in  tlie 
"  neigbbonring  stream. — John  BXiAionr^  Ebo.,  M8S. 

*•  Tbe  ayerage  quantity  of  gold  obtained  was  190-17  grains  or  0*806  os.  (Troy) 
per  day. 

ft  Tbe  proprietor,^a  Priest,  of  good  family, — stores  wUmip-heada  in  bis  ball 
and  bar-iron  in  bis  sitting-room ;  and  superintends  bis  work-people  attired  only 
in  a  long  sbirt  of  printed  cotton,  wood-soled  slippers  (kmancMjf  and  a  straw-hat 
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The  iron-fonnation  is  overlaid  by  a  laminated  miz-^ 
tore  of  sand  and  clay;  of  which  certain  portions, 
containing  but  little  iron-ore,  have  a  yellowish-buff; 
others^  more  or  less  ferruginous,  are  of  brown  or 
reddish  hue;  short  thin  layers  of  black  manganese-ore 
are  not  uncommon;  and  irregular  beds,  as  well  as 
isolated  nests,  of  felspar-clay  occur  at  intervals  through- 
out the  mass ;  which  is  of  great,  though  of  unknown, 
thickness*  ^ 

(p.)  Near  the  eastern  extremity  of  the  rich  metal- 
liferous range, — which,  from  the  neighbourhood  of 
Santa  Barbara  on  the  east,  beyond  Caeth^  towards  the 
west,  has,  at  intervals,  yielded  gold  in  different  rocks,* 
— the  ancient  mine  of   Cocdes;\  about  seven  miles 

•  AiU0,  pp.  178, 182, 183.    Pcwtoo,  p.  24*. 

t  Thm  mine  of  Coeiei,  '*  though  still  rich  in  gold,  is  worked  by  only  two  hun- 
**  dred  negroes.  One  pert  of  the  estate  is  an  anriferons  mountain  of  sohistns, 
**  containing  beds  of  inicaeeons  iron-ore ;  the  latter  substance  forms  a  thin  stra- 
**  tnm,  which  contains  gold  in  grains  laminated  with  it.  *  *  *  The  diseoTery  of 
"  the  original  gold  mine  is  said  to  haTc  been  owing  to  the  following  accident. 
**  Boms  negroes  in  cleaning  the  land,  broke  up  an  ant-hill  of  considerable  sise, 
**  whon,  on  laying  it  open  to  the  air,  for  the  purpose  of  destroying  or  dispersing 
'*  the  insects,  large  grains  of  gold  were  found." 

Mawx,  TraiotU  tn  Bmstl,  p.  291. 

Cmom  '*ist  TorsHglich  berilhmt  wegen  der  Menge  und  Beinheit  des  hier 
**  gcwonnenen  Goldes,  das  nichtblos  fein  sertheilt  in  Quarsgangen  eingesprengt 
"  Oder  Im  Letten  Torkommt,  sondem  auch  in  grosseren  Stucken,  Lamellen  und 
«*  Krystallen.  *  •  •  Der  Oehalt  des  Goldes  ist  hier  so  wie  in  Jforrv  Grandit 
*'  moistens  Ton  swei  und  swansig  und  einem  halben  Karat.  *  *  *  In  demselben 
*'  Beserke  werden  grosse  Biinke  Ton  Geschieben  eines  dichten  Brauneisensteins 
'*  fManuMjf  Lager  Ton  Topfstein,  aus  welchem  man  Gefasse  geschnitten  hat, 
*'  und  in  dem  sogenannten  Eisenglimmersehiefer  haufig  Gold  gefymden.  Unweit 
'*  Ton  Coea€$  auf  der  Strasse  naoh  dem  Diamantendistricte,  geht  ein  feinkomiger 
«'  rothlichweisser  Granit,  welcher  bald  wieder  Ton  quanreiehem  Glimmersohiefer 
**  bedecfct  wird,  su  Tage  aus." 

TOM  Snx  und  tow  "MAxnvB,  B^ite  m  Broiilien,  n.  pp.  423-4. 

**  Cocaes  •  «  •  doit  son  existence  &  quelques  miniires  qui  sont  donn6  bean- 
«  eoup  d*orymais  qui  avgourd  "hui  n'en  foumisfent  plus  aTce  autant  d'abondance. 
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north-east  of  Sa5  JoaS  do  Mono  Qrande,  has  been 
extensively  wrought  in  the  -  iron  formation.  Thin 
layers,  alternately  of  quartz  and  micaceous  iron,  mid^e 
up  the  lower  part;  but  a  broad  band  of  the  latter 
ingredient,  mixed  here  and  there  with  small  quantities 
of  brown  .manganese,  and  interlaid  by  thin  irregular 
beds  of  yellowish  talc,  is,-~towanls  its  upper  boundary, 
— ^the  chief  member  of  the  series. 


«  Cet  mines  aptrtteniMnt  ^  une  acmk  ftonUlty  dA  Uquelto  d6p«Bd«it  ^  pen  frii 
'*  tout  le  Tillage  et  le  pays  enyironnant.  Let  ehefs  de  oette  famlUe  Tienncnt 
**  d*^tablir  (^crit  en  181 7)»  det  forges  snr  le  bord  da  ndssean  d'TJna;  ils  Tendent 
'*  on  partie  da  fer  qo'ils  fondent  dans  leor  6tablissementy  et,  ayee  le  rested  Os 
'*  fabriqaent  let  instrumens  n^cessaires  poor  Texploitation  de  lean  mines.  On 
**  dit  qae  le  fer  de  Coeaes  est  d'one  trds  bonne  qoaliU ;  ainsi,  lorsqoe  Tor  sen 
**  entidrement  6pai8s6  dans  les  alentonrs^  let  forges  noaTellemenI  Stabiles  ponr- 
"  ront  sans  doute  eneore  contribaer  IL  faire  subsister,  le  village." 

DB  Saiht-Hilaibb,  Voyage  dtmM  le  duiriet  4$b  diamam  H  9ur  le  JUUonai 
duBriiU,  I.  pT^.llS'lie. 

*'  Dm  Gebirge  "  (de  Coeaes)  "  erhebt  slob  aof  der  S.  O.  Seite  ganvsanft  bis  sa 
<*  seinem  hoobsten  BUcken  etwas  fiber  3000  Foss,  nordwestUeb  fallt  es  aber  pnl- 
•<  liobt  ongefabr  1000  Foss  naeb  dem  Arrajal  de  Coeaes  binab,  and  s^gt  aof  dieser 
*<  Seite  einen  Tollkommenen  Yertieal-Darcbsobnitt  aller  aof  einander  gesebiehte- 
*<  ten  GebirgslaQfen.   Die  obwste  Sebiobt,  welebe  an  mancben  SteUen  bis  anf  den 
"  Biicken  des  Gebirges  binanreiebt,  bestebt  aos  etner  eisenscbnssigen  leimi^ten 
«  Dammerde  Ton  mebreren  Lacbtem  Maebtlgkeiti  onter  diesen  folgt  dasBiaen- 
*'  stein  Conglomerat,  welcbes  goldbaltig  ist,  allein  niobt  benatit  wird,  darnnter 
**  folgt  der  bier  so  sebr  goldreicbe  Eisenglimmersobiefer  mit  seinen  abwecbseln- 
«« den  goldbaltigen  diinnen  Qaarnandlagem.    Dieser  rabt  aof  einer  mdirere 
"  Lacbtem  mficbtigen  Scbicbt  Talkscbiefery  der  alsdann  den  Itaoolumit-Qoars 
**  MUX  Unterlage  bat,  der  bier  Ton  onbedeatender  Macbtigkeit  bty  indem  man,  ehe 
•<  man  nocb  den  Foss  des  Herges  erreicbt,  scbon  aaf  Gneiss  stdsst,  aof  welchem 
**  isolirte  Lager  Ton  Homblendegestein  berTOrtreten.    Mitten  in  den  Sobicbten 
**  des  Eisenglinunerscbiefers  entdeckt  man  an  einigen  Orten  des  Gebirges  parallel 
'*  mit  denselben  ongefabr  4—6  Foss  maebtiges  Lager  jaspis-ond  eisenldeselarti- 
"  gen  Braoneisenstein  der  bier  and  da  innig  mit  gemeinem  und  orystaUiairten 
"  Scborl  erscbeinty  eben  so  wie  in  einigen  LaTras  der  Serra  do  Ooro  Preto,  and 
**  besonders  wie  an  der  Serra  de  Antonio  Pereira,  indem  derselbe  ebenfaUs  gold- 
**  baltig  ist,  wegen  seiner  Festigkeit  aber  wenig  benotst  wird. 

"  Beide  •  •  •  grosse  laTras  treiben  ibre  Arbeiten  nor  oben  aof  dem  Biicken 
<<d«s  Gebu'gs,  and  sind  nor  ongeAibr  80  Pabnen"  (9'6  fatboms)  <*  tief  in 
**  dasselbe  eingedrungen,"— yon  SscawBOB,  PhUo  BraeUimnif  p.  302. 
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The  basset-edges  of  these  layers,  as  well  as  those  of 
the  qaartzose  talc-slates  on  which  they  rest,  form  the 
steeply-scarped  northern  side  of  the  mountain. 

The  approximately  parallel  beds  of  (ItaJnrite  and 

jaeotinga)  quartz  and  of  iron->ore  are  overlaid  by  a 

thick  crust  of  Ckmga^  which — conforming  to  their 

every  flexure — ^thus  gives  the  surface  of  the  southern 

slope  the  contour  of  the  rocks  beneath. 

In  some  places  the  strata  bear  30*  N,  of  £.  and  S,  of 
W.,  in  others,  6*  S.  of  E.  and  N.  of  W. ;  their  general 
range,  however,  is  10*-20"  N.  of  E.  and  S.  of  W.,  and 
their  dip  30 -65'  S. 

(1.)  Although  the  thick  bed  of  (jacoHnga)  iron- 
glance  contains  very  little  siliceous  matter,  the  (Itabi- 
rite)  formation  immediately  beneath  abounds  in 
quartz,  largely,  but  irregularly,  mixed  with  calcareous- 
spar,  flecked  with  micaceous  iron-ore,  and  thinly,  yet 
unequally,  sprinkled  with  gold^f 

(2.)  At  Alto  da  Cruz,  a  western  part  of  the  miue^ 
which  has  been  wrought  as  deep  as  twenty-five  fathoms, 
the  auriferous  deposit  is  twelve  fathoms  wide.  The 
subordinate  beds  maintain,  on  the  whole,  a  tolerable 
uniformity  in  dip  and  direction ;  but  portions  of  them 
present  contortions  {Fig.  20)  of  which  mere  verbal 
description  scarcely  gives  an  idea. 

The  chief,  constituent  is  micaceous  iron ; :(;  but  some 


*  Ante,  p.  217.    d'Osery,  C<mpte  Rendu,  ix«  (1844)  p.  675. 
t  Henwood,  Proceedmffe  of  the  Cfomwatt  Qeoi.  Soe.,  1849. 
X  "  TIm  mine  is  sitaated  near  the  top  of  the  Sena  of  Cocaes.    In  the  year 
'<  1883  a  lease  for  fifty  yean  wm  bought  by  the  present "  (Bnglith)  **  Company ; 
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few  thin  strata  contain  earthy  brown  iron-ore^  and 
others  a£ford  traces  of  manganese.  Talc— an  ingredient 
in  many,  especially  in  the  manganesic,  parts  of  the 
bed — ^frequently  forms  entire  layers;  of  which  some 
are  many  feet  in  length,  but  none  are  more  than  a  few 
inches  in  thickness.  Drusy  cavities  and  open  joints 
in  the  iron-ore  are,  as  at  Agoa  Quente^*  sometimes 
encrusted  with  stalactitic  hydrous  oxide  of  iron;  as 

Fig.  90. 

Contorted  strata. 


Scale  one  fathom  to  the  ineh. 


**  the  former  proprietors  had  worked  it  preyiously  for  a  long  period,  with  mneh 
«  profit;  in  Jane  1884  the  company  begsn  operations,  and  though  these  ha^e 
<*  been  carried  on  with  much  persererance,  and  at  a  great  yearly  expenditure, 
*'  but  very  little  gold  has  been  extracted.  At  the  time  of  my  risit  'l  (1840) 
**  the  money  laid  out  on  the  mine,  altogether  exceeded  £200,000.  *  «  •  The 
*'  gold  is  found  in  a  soft  friable  greyish  coloured  micaceous  iron  schist,  which  is 
'*  called  by  the  Brasilians  Jaeoiinffa;  the  principal  shaft  is  about  fifty  &thoms 
"  deep.  At  the  time  of  my  risit,  there  were  thirty  English  miners,  about  three 
«  hundred  sIstcs,  and  thirty  hired  free  Brasilians  in  snd  about  the  mine. 

'*  Between  the  Serra  and  the  rillage  "  of  Cocaes  ^  runs  the  Una,  a  small  stream, 
<*  which,  however,  in  the  dry  season  contains  but  little  water*  ETorywhere  along 
'*  its  banks,  and  even  to  a  considerable  distance,  the  ground  has  been  turned  orer 
'*  and  washed  for  gold ;  these  operations  are  still  carried  on." 

GABDmE,  Dravek  in  BragUjpp,  488*490. 
•  Ante,  p.  225.  '^ 
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frequently,  however,  they  contain  brilliant  interlacing 
plates  of  specular  iron-ore.  Minute  particles  of  gold 
are  irregularly  scattered  through  both  manganese  and 
tale ;  but  so  thinly,  that  they  are  not  worth  extraction. 

The  auriferous  bed  is  succeeded  by  micaceous  and 
earthy  brown  iron-ore  mixed  with  quartz ;  and  these 
are  overlaid  by  Canga. 

Cocoes  afforded — 

ia«.  1814  w1m& wrought  bja  ]uttlT«BrMiUaa  \ OUamu.  lbt.(2V0|f) 

proprietary  •  • .  •  )  4376*6  * 42*031  of  gold ; 

f^om  1833  >         „  by  the  National  BraiUian  Mining  As-l 

to.«  1846  5  ioeiation  (an  English  Company)  V  667*000     ,, 

about    ) 

which  realized  twenty-one  thousand  seven  hundred 
and  eleven  Pounds.t 

(jj)  Although  the  same  series  of  rocks  forms  the 
southern  slope  of  this  chain,  throughout  its  range 
from  east  to  west,  jacotinga  occurs  only  at  intervals. 

Near  the  Venda  do  Morro,  some  six  miles  west  of 
Sa5  JoaS  do  Morro  Grande,  a  bed  of  specular  iron-ore, 
about  two  fathoms  wide,  in  the  glen  of  Dois  IrmaSs,:}; 
is  quarried  for  the  furnace.^ 

(r)  It  has  already  been  shown  that  the  barren  granite 
i^ear  Gaeth6||  is,  on  the  south,  overlaid  by  talc-slate  at 
^o$$a  Grande  ^  and  this  by  talcose  clay-slate  at  the 
mines  of  Soares  ••  and  Camara ;  ft  as  well  as  that 


*Ton  Btehwege,  PkOo  Bruiiiimmii  TabeUaritehB  UtbeniM  aUer  Goldlavras 
i^^  THttricU  m  der  Proving  Mimu  Oerae»,  p.  6. 

t  BtporU  of  tho  National  BfwdHan  3Gmnff  Auociation  1847,  p.  26. 

t  Captain  Thomaa  Blarney,  MSS. 

i  ^nte,  p.  219.     |  AnU,  pp.  174, 178.     Y  Anio,  p.  178.     •«  Ante,  p.  182. 

tt  609  tons  of  quarti,  selected  from  the  Camara  formation,  yielded  1  lb.  2  oi. 
^Q  dwu.  TVqy  (0*000000744  ito  weight)  of  gold.~CAPTAXN  William  T&XLOAit, 
^^9Wfti  0/  ihg  Impmai  BranUan  MnUnff  A99ociation  (20th  Dec.,  1865)  p.  2. 

NN 
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both  these  rocks  are  interlaid  by  subordinate  bands  of 
auriferous  quartz.* 

>  At  Gongo  Soco,  six  miles  south-east  of  Gaethe,  a 
few  thin  schistose  beds, — composed  for  the  most  part 
of  palish-brown  talc,  mixed,  however,  with  quartz  in 
minute  but  unequal  proportions, — separate  the  talcose 
clay-slates  from  the  great  iron-formation ;  which — co- 
inciding in  position  with  the  rocks  beneath,t  and  in 
contour  with  the  surface, — forms,  for  many  miles,  the 
whole  southern  slope  of  the  range. 

Its  outcrop,  however,  is  concealed  by  sub-angular 
blocks  of  specular  and  oxydulated  iron,  with  an 
occasional  bit  of  quartz,  imbedded  in  earthy  brown, 
— mottled,  at    intervals,   with  earthy  red, — ^iron-ore 

(Conga). 

(1.)  Beds,  alternately  of  quartz  and  of  iron-ore 
(ItabiriteX — often  less  than  an  inch  but  sometimes 
several  inches  thick,  and  which,  within  short  distances, 
maintain  tolerably  uniform  dimensions, — make  up  the 
greater  part  of  this  deposit.  The  quartz  is  often 
separated  from  the  iron-ore  by  flakes  of  talc.  Ores  of 
divers  qualities,  however,  not  only  occur  in  distant 
parts  of  the  series ;  but  massive  iron-glance,  as  well  as 
micaceous,  oxydulated,  earthy  black,  and  pale  brown 
iron-ores,  are  all  ingredients  of  the  self-same  layer  in 
various  parts  of  its  range. 

This  portion  of  the  formation — never,  perhaps,  ab- 

•  Ante,  pp.  182-8. 

t  Ton  Biehwege,  Atmalei  des  Minea,  Tin.  (1823)  p.  418.  CUQi8e&,  BuUMu 
de  rAeadimie  Boy^  des  Sciences  de  Brttxettes,  yiii.  Ire  p«rtie  (ISil),  p.  326. 
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solttiely  barren — ^has  nowhere  afforded  even  0-0000005 
its  weight  of  gold. 

(2.)  The  uppermost  of  these  thin  strata  are  inter- 
laid by  a  bed,  from  four  to  seven  feet  in  thickness ; 
which — at  intervals  charged  with,  and  sometimes  en- 
closing crystalline  masses  of,  calcareous  matter* — is 
composed,  for  the  most  part,  of  quartz,t  flecked  with 
micaceous  iron-ore  and  with  talc*  Like  that  at 
Cacdes^X — of  which  it  may,  perhaps,  be  either  a  con- 
tinuation or  an  equivalent, — it  is  never  quite  destitute 
of  gold,  either  at  the  surface  or  in  the  mine ;  yet  the 
richest  portions  wrought  yielded  only  0*0000000021 
their  weight  of  it§ 

(3.)  A  mere  scale  of  (Itahirite)  rock,  identical  in 
composition  with  that  beneath  the  calcareo-siliceous 
deposit,  divides  it  from  the  next  number  of  the  series ; 
which — ^mixed,  at  intervals,  with  other,  and  sometimes 
more  valuable,  ingredients — consists,  for  the  most 
part,  of  iron-ore. 

(3 — 1.)  The  bedding — everywhere  parallel  to  the 
cleavage— bears  3-1 V  N.  of  E.  &  S.  of  W. ;  and  dips 
30'—60'  towards  the  south. 

*  A  broad  btad  of  qiuurti,  calo-tpar,  micaceoiu  iron-ore,  aod  telo,  laid  open, 
at  fhe  rarfiMe,  as  well  as  at  the  27  and  48  fkn.  29Mb,  afforded,  at  the  Stampe,  a 
few  partielei  and  grains  of  gold,  but  by  no  means  enough  to  repay  the  eost  of 
extraction. — ^Hjdtwood,  Bsports  of  ths  Impmai  BratiUan  MuUm^  Anoeimtimf 
zzxxz.  (1846)  p.  10;  XLi.  (1846)  p.  8. 

t  Trebileock,  Bennetts,  Frideauz,  Hambly,  Harris,  Bray,  Collms,  Blarney,  and 
Pengmy,/Mtf.Yii.(1829)p.97;  tixi.  pp.  82-86;  xn.(1831)p.74;  ziz.(1886> 
p.  47 ;  XXI.  (1836)  p.  87 ;  xxyiii.  (1839)  p.  41. 

t  AnUy  p.  246. 

}  216  tons  of  the  quarts  formation  yielded,  at  the  Stetnpf ,  3  dwts.  of  gold.— 
Gut,  ReporU  of  (he  Imjpmal  Bnmiian  Mining  Aseoeiaiion,  ui.  (1861)  P..UI. 
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The  joints,  which  bear 

Dearly N.  &  S. ; — 

about  30"— 40"  S.  of  E.  &  N.  of  W.  ;— 
and  3*— 1 6*  N.  of  E.  &  S.  of  W., 
respectively^  are  best  defined  in  the  quartzose  iron- 
slate  (Itabirite) ;  where  a  cross-  (drift)  cut^  more  than 
eighty  fathoms  long,  was  amply  ventilated  by  currents 
of  fresh  air — whencesoever  derived — emitted  by  these 
natural  crevices  in  the  rocL* 

The  iron-formation  consists  of  two  nearly  parallel 
beds ;  which — di£Pering  rather  in  the  disposition  and 
proportions  than  in  the  nature  of  their  ingredients — 
are  more  easily  identified  than  described.  In  some 
parts  of  their  range  they  are  separated  by  quartzose 
iron-8late,t  scarcely  distinguishable  from  the  Itabirite 
(1 — 3)  below:  in  others,  however,  this  is  either  so 
thoroughly  transfused  with  certain  elements  of  the 
adjoining  rocks  as  to  be  scarcely  recognised,  or  is 
altogether  wanting;  and  in  such  cases  neighbouring 
portions  of  the  different  beds  are  much  alike. 

(3 — 2.)  As  the  northern  or  Gongo  deposit  has  been 


*  Henwoody  CcrwwiU  Geol.  TVoim.,  xxz.  p.  204. 

Not  flir  from  the  bottom  of  a  well,  sunk  17*6  fathoms,  at  Belvedere  near  Erith, 
by  Sir  Culling  Eardley  Eardley,  Bart.,  seTeral  creTiees  in  the  chalk— probed  to 
an  extent  of  seTenty  or  eighty  fee^^emitted  rapid  currents  of  air;  charged,  at 
first,  with  calcareous  dust,  but  mixed,  afterwards,  with  fresh  water ;  which— 
gradually  increasing  until  it  amounted  to  8,200  feet^r  day— rose  at  length  to 
within  sixteen  feet  of  the  surface ;  a  level  i^-nerer  once  freeiing— has,  with 
little  Tariation  maintained  ever  since  (1861). 

t"  The  Jacotinga  west  of  Bray's  shaft  is  ditided  by  the  Cvmba  hone^  a  fer- 
**  ruginous  /tocolumfto,  into  two  branches." 

TOH  HxunuuoBXN,  HABtfTB,  CoLUKS,  Blaiczt,  A  PsHeiLLT,  BtpwU  qftkt 
In^ierial  Briu^Kan  Mining  Aisoeiation,  zzz.  (1840)  pp.  61, 84. 
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laid  open  by  scores  of  shafts  aod  miles  of  levels,  its 
iridtfa,  in  different  parts  of  the  mine,  has  been  fully 
ascertained.  At  the  27-fin.  level,  near  Gibson's  shaft 
(Table  VIII.,  column  21),  however,  notwithstanding 
both  bounding-planes  (walls)  maintain  their  normal 
bearing  and  dip,  it  is  divided  into  two  bands,  of  un- 
equal  thickness,  by  a  wedge-shaped  {horse)  mass, 
which — resembling,  both  in  composition  and  in  struc- 
ture,* ike(Itabiriie)  rock  (1-3)  immediately  beneath ; 
— widens  as  well  towards  the  east  as  in  deeper  parts  of 
the  miQe.t  And  this  is,  in  like  manner,  interlaid  by 
at  least  one  thin  conformable  bed  of  auriferoos  (Jaco- 
iinga)  manganeuc  inm-ore. 

Hg.  31.  ooxoo  locck 


«  (IlablrittJ,       b  Oimgo  bon-fonutlMi. 
,.  ..  VCtmUt         „ 

e  Aniiflnnnu  bed  wttUB  Um  EOrm, 


'  Hoiwood,  OermfoUlhel,  IVani.,  t.  TdiU  L.  eclnmn  fl.    Aula.  p.  191. 

t "  A  bud  ilfod  (tntDM  m  Aoth  tLraiU  itMlf  into  thi  Jiootlogi  tX  Otbfon'a 
"  aluft,  uid  tppMni  to  b«  tncriuiiig  In  ifie  m  it  goei  sMtwird." — Hoobxdbb, 
BiporU  <^  tim  Imptrial  BnutUim  JKmuy  Anceietitm,  szii.  (tS36)  pp.  S6-7. 
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In  some  places  two  or  three  feet,*  in  others  as  many 
inches  only,t  below,  yet  nowhere  in  actual  contact 
with  the  North  (bed)  oein  (a  subordinate  member  of 
the  auriferous  series),  the  Slide — three  or  four  inches 
thick  X  and  five  or  six  fitthoms  high — slopes  (shoots) 
endlong  from  the  21 -fathom  level  west  of  Macfarlamis 
— eastward — to  the  34  near  LyofCs  shaft.  Within 
this  range  it  is  composed  of  talc  and  quartz,  inter- 
spersed with  small  crystals  of  ozydulated  iron;  beyond, 
however,  it  has  no  existence;  but  is  bounded  above, 
below,  at  either  end,  and  on  both  sides,  by  iron-ore. 

The  southern  or  Cumha  bed-— exhibiting  few  of  the 
characters  which  presage  gold  in  the  Chmgo  deposit — 
has  been,  for  the  most  part,  examined  by  crosscuts 
(drifts)  from  the  north ;  §  its  dimensions,  therefore,  are 
less  generally  known. 

The  following  columns  show  the  width  of  the  iron- 
formation,  at  various  parts,  and  at  different  depths,  in 
the  mine. 


•  Hoeheder,  B^orU  of  the  Imperial  BrwnlianMmmff  AMoeieHan,  xti.  (188S) 
p.  00. 

tAMl,ZTii.p.  64. 

t  Williams,  IHd,  XYii.  p.  124. 

Tahle  VIIL  column  8 ;  Note  /. 

}  Ton  Helmreichon,  Harris,  Collins,  BUmoy,  and  Pengilly,  Rtporti  fif  <A« 
Impmal  BranUan  Jtfmtfi^  AMoeiaHon,  zxx,  pp«  86-7. 
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Lofltlity. 


AogOTtt't  thaft. 
Alleoek't     ,, 
StokM't      „ 


LyoB*t 


>f 
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>» 


Bayly*^ 


>» 


Depth. 


Surfaee 

21-fiii.  lerel 

7-ftii.  leTel 

14*ftB.      11 

Sorfkee 
7-fiii.  level 
21-fiiu    y, 
27-ftii.    ra 

41-ftlL      y» 


i 


27-ftB.  Uy\ 


S4-llDa.  lcT»I 
41-lln. 

48-IIII* 


ft 


n 


•  • 


•  • 


34-itai.  level 
41-fin. 


»t     •• 


iS-ftn. 


llwnwtkHi. 
Bnndth, 


80-0  • 


17  Of 

800 1 
16-0  f 

U'Oir 

fDitlded  bj  a  (haru)  matt  of 
{rock;  which  widene  both  in 
(depth  &  towards  the  eact.** 

If9Tth  Bdtith 


0-60 


<  Isolated  massee.tt  \ 
i  0-10  » 

0-08 II 


I  Isolated  neets.*** 
C  0*06 


•  • 


2*8 

2-6  tt 

20  H 


2-Of* 


06 


Cumba 
fonution. 

Biwdth, 
fimt. 


750  t 


15'0ftt 

8-2  m 


Total. 


Brtadth, 
ftm. 


155-0 1 
51-0 1 


8-8 


•  Hocheder,  Aporit  q/  the  Inywrial  BraaiOan  Mi/tki^  AiioeiaHon^  xt.  (1888) 
p.  54. 

t  TrebQeock.  Hambly,  ft  Prideanx,  IM,  Tin.  (1829)  p.  80.    Hocheder.  Rid 
XT.  PL  I.  ilg.  1 ;  XTn.  (1884)  p.  88.  Ton  Helmreicheii,  Harris,  (?ollinS|  Blarney, 
and  PengiUr,  Ibid,  xu.  (1840)  p.  84. 

t  Harris,  Bray,  Collins,  Blaaej,  and  PengOlji  Ihidf  xxxx.  (1840)  p.  51. 

i  Hoeheder,  Ihid,  Tm.  PI.  I.  ig.  2. 

I  Bdwaxds,  Wd,  x.  (1825)  p.  20. 

Y  Hochedsr,  Ibid,  Tin.  PU  I.  flg.  8. 

—  TM0  riU.  eolnmn  2U 

ft  Hoeheder,  lUporttoflmperiai  BrtuiUan  Mining  AuoeiaHon,  xTii.  p.  119. 

II  Md,  XTn.  p.  101. 
M  md,  XTX.  p.  47. 

II  Tregoning,  Harris,  Braj,  and  Ck>]linS|  Ibid,  xxn.  (1886)  p.  HI. 
n  Hoeheder,  Ibid,  xti.  p.  47. 

—  Ibidf  XTn.  pp.  101-4. 

ttt  Tregoning,  Ibid,  XTm.  (1884)  PL  I.  flg,  1. 

tU  Harris,  Bray,  CoIUqs,  Blarney,  and  Pengilly,  Ibid,  xxTin.  (1889)  p.  (9. 
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LoetUtjr. 


Vesej's  fhaft. 


48-ftn.  IcTel  •  • 
66-ftii. 
62-fm. 

70-fiii.    I,    B, 
oiK'iiii*    ■•    S» 


»» 
»» 


JfMra 


•  • 


•  • 


2-0  • 

0-6 

0-21 

0*2} 
<H)5| 


7-6 1 


8-1 


Thus,  within  a  range  of  six  hundred  fathoms, 

the  northern  or  Chngo  deposit  dwindles  from  about  80  fins*  to  a  fow inehei;  and 
the  southern  or  Cumba     „  „  75   „    to  about  7}  fsthoma 

in  thickness. 

(3 — 3.)  The  Oongo  formation  consists,  for  the  most 
part,  of  micaceous  and  massive  iron-glance ;  ^  more  or 
less  mixed,  however,  with  oxydulated  iron-ore  towards 
the  east.**  From  Angav^s  shaft  to  Pengillt/*s,  and 
again,  from  Duval's  to  AllcocVs  (PL  II.  Fig.  2^, 
the  other  ingredients  are  interlaminated  with  earthy 
brown  iron-ore ;  which  between  Pengilhfs  and  DuvaVs 
is  mingled  with, — and  between  AllcoclCs  and  AveUne^s 
shafts  is  replaced  by, — earthy  black  iron-ore ;  whilst 
smaller  quantities  of  both  occur  elsewhere.  Great 
part  of  the  Oongo  formation  is  irregularly  sprinkled 


^  Hocheder,  RepmrU  oftkiB  Impmal  BroMiiian  Ummff  As$oeiaiumt  xtxu.  p.  46. 
t  Harris,  Bray,  Collins^  Blamej,  and  PengiUy,  Hid,  xxYxn.  p.  69. 

X  Ton  Helmreichen,  Hsnis,  CoUlns,  Blsmejr,  and  PengiUjrr  zxz«  p.  81. 
i  Henwood,  Ibid,  zzxa.  (1845)  p.  10. 
g  Ibid,  XL.  p.  11 ;  ZLI.  (1846)  p.  9. 

IT  Ton  Esohwege,  AnnalM  det  Minei,  vni,  (1823)  p.  418.  Edwards,  RtporU 
of  the  Imperial  BranUan  Mining  AeeocioHon,  z.  (1825)  p.  20.  Hocheder,  Ibid, 
XT.  p.  54.  Claussen,  B^dletim  de  FAeadimie  BajfaledeBniMOe»,yiii.  Ire  partie 
(1841)  p.  827.  Ton  Helmreichen,  Oardnei^s  TVom^i  in  Brasii,  (1846)  p.  494. 
Henwood,  Edinburgh  New  PhU,  Journal,  l.  (1851)  p.  61. 

**  Ton  Eschwege,  Annatei  dee  Jiinee,  Tin.  p.  418. 
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with  gold;*  which,  however,  is  seldom  abundant 
enough  to  be  worth  separation.  Ore  obtained  at  a 
distance  of  several  fathoms  from  the  chief  auriferous 
(veins)  bands,  yielded — when  stamped — the  under- 
mentioned proportions : — 

Oold« 

I ^ \ 

Data*  Qrsins,  per  ton  (Avoir,)  Proportioii. 


of  ore. 


t 

X 


1837 6-6    0000000422 

1800,  July— December  12-0    0-000000765 

1851,  Janoazy— June &5§  0<XXX)00415 

Sonteml^r  f  ^^    0000000510 

„      beptemDer ^  g.Q|  0O00000191. 

Laminae  and  small  irregular  beds  of  buff-coloured 
talc  also  conform  to  the  complicated  volutions  which 
are  numerous  in  the  bands  of  iron-ore  they  interlie ; 
and — towards  the  east  especially — face  every  joint  and 
seam.  Quartz  is  neither  a  congenial  matrix,||  nor 
even  a  constant  ingredient  amongst  the  richer  ores; 


*  In  Lyon'f  shaft  the  Jaootinga  at  fourteen  fathoms  from  the  vmn  answere  for 
gtamprng;  and  thia  is  also  the  case  at  considerable  distances  in  other  parts  of 
the  mine^-^HAiuus,  Jbtfbby,  Bbat,  JBNNiNoa,  ft  Collinb,  Hqtorts  of  ike 
Iw^mriai  BraxOian  Minmg  AjuoeiaHim,  xzt.  (1882)  p.  71. 

<*  Part  of  the  ore  ttamped  is  brought  from  the  aroU'CuUi  which,  althongh  it 
"  yields  a  little  gold,  is  poor  compared  with  that  taken  from  the  vemt." 

TxsGOXZNO,  Habbib,  Bray,  ft  Jbnmznob,  Vndt  ztiu.  (1834)  p.  84.  ^ 
At  the  41-ftn.  Ucel,  near  Bayhft  shaft,  the  Jacotinffa,  three  fathoms  north  of 
the  vein,  shews  a  little  gold  when  washed. 

TBBGOiriNO,  B&AT,  Habbib,  ft  Simmons,  Ihid,  xix.  p.  51. 

t  Tregoning,  Harris,  Braji  and  Collins,  Ibid,  xxii.  p.  120. 
I  Walker,  JM,  L.  p.  3. 

{  '*  These  trifling  contentB  of  gold  per  ton  of  JaooUnga  prove  the  ^  *  •  in< 
**  expediency  of  incurring  the  outlay  of  much,  if  any,  further  capital." 

Walxbb,  Ibid,  LI.  pp.  4,  5. 

"  The  deposition  of  gold  in  Jaeotinga  has  no  relation  to  the  quarts  formation 
"  of  the  country." — Hochbdeb,  Ibid,  zyii.  p.  51  • 

g  Ante,  p.  229. 

00 
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but — generally  mingled  with  talc,  and  mixed  with 
either  iron-glance,  oxydulated  iron,  iron-pyrites,  or, 
more  largely  and  more  generally  with  earthy  pale* 
brown  iron-ore, — it  is  a  chief  constituent  of  the  barren 
and  contorted  beds  into  which  the  auriferous  strata 
gradually  pass  towards  the  east 

That  part  of  the  Ckimba  formation  which  was,  for 
many  years,  wrought  by  the  native  proprietors  as  an 
open-work  (Talho  Aherto)  *  at  Canta  Gallo,  imme- 
diately west  of  the  mine,f  consists,  in  great  measure, 
of  micaceous  iron-glance ;  interlaid,  however,  by  thin 
beds  of  granular  quartz,  tinged  with  earthy  brown 
iron-ore.  Near  Blamey*s  and  Collins's  shafts  the 
iron-glance  —  rarely  massive,:]:  sometimes  granular, 
but  generally  micaceous — is  often  disintegrated,  and 
largely,  yet  irregularly,  mixed,  as  well  with  earthy 
black  and  brown  ore,  as  with  clay.     From  Luhe*s  to 

•  TahU  VIIL,  column  8. 

t  The  Jaootiinga  which  hat  been  worked  at  Canio  OaUo  by  the  naUve  pro- 
prietore  bean  about  20"*  N.  of  E.  A  8.  of  W.,  dips  Z6^  S.,  and,  in  ito  range  towards 
the  eaity  appears  to  rest  on  the  Oonffo  formation.  In  one  spot,  at  which  opera- 
tions haTe  been  lately  resumed,  those  "  layers  which  are  most  associated  with 
"  the  oxide  of  iron,  contain  more  gold  than  others  with  less  oxide,  and  in  those 
"  in  which  no  oxide  of  iron  exists  I  could  detect  no  gold  at  all,  or  only  a  trace 
"  in  the  samples."  •  •  •  In  a  second  spot,  which  has  for  many  years  been  un- 
interruptedly prosecuted  as  an  open-Wfrk  (  Talho  Aherto)  a  few  negroes  have 
been  employed  in  **  cutting  down  the  whole  mountain  into  the  riter,  and  con- 
ducting the  water  with  the  stuff  •  •  •  over  Strikes  covered  with  hides.  The 
gold  existing  in  both  these  ppen-worka  is  very  minutely  disseminated  through 
the  entire  body  of  the  rock;  consequently  the  whole  must  be  quarried  and 
"  stamped."  The  proportion  of  gold  is,  howerer,  '*  so  inconsiderable,  that  it  is 
*'  my  firm  conviction  this  mode  of  working,  or  rather  the  formation  so  worked, 
*'  can  never  be  an  object  to  an  English  Company. "-^Hochidsb,  Beporia  of  the 
In^perial  BratUian  Mining  Auociation^  XYii.  pp.  84-6. 

von  Helmreichen,  Harris,  Collins^  Blarney,  and  Pengilly,  Ihiit  zxx.  pp.  84-6 . 
X  Hocheder,  Ibid,  xi^ix.  p.  105. 
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Crickitfs,  and  thence  eastward  to  the  cross  (drift)  -cut 
south  of  Jennings's  shaft,  the  earthy  ores  affect  separate 
beds,*  but — indistinctly  bounded — they  mix  by  degrees 
with  iron*glance  at  the  sides.  From  the  meridian  of 
Jennings's  shaft  eastward  the  iron-glance  is,  to  some 
extent,  replaced  by  oxydulated  iron,  but  earthy  black 
and  brown  iron-ore  are  still  common;  quartz,  also, 
either  forms  small  irregular  layer3,f  or  is  mingled 
with  the  clay,  which — every wh^  abundant — is,  at 
intervals,  the  chief  ingredient.  Talc  is  much  more 
plentiful  in  this  formation  than  in  that  below;  but, 
whilst  generally  disposed  in  isolated  masses  and  short, 
thin,  conformable  beds,  it  is  sometimes  the  principal 
constituent  Between  Canta  Oallo  and  CoUins*s  shaft 
the  particles  of  gold  imbedded  in  the  rock  enclosing 
several  short,  thin,  narrow  bands,;]:  which  have  afforded, 
at  intervals,  a  few  bunches^  of  rich  ore,  are  larger 


•  Harris,  Bray,  Blarney,  and  Pengilly,  lUporU  of  In^perial  BrtuiHan  Mmmg 
AMtoeitUwnf  zzyiii.  p.  62. 

t  Tregonlng,  Harris,  Bray,  and  Collins,  Ihid,  zix.  p.  47 ;  xzi.  p.  92. 

t  A  oross-ent  at  the  adit  in  Cumba  has  interseoUd  sereral  Teins,  but  they  are 
•U  poor.— Tbbbiloock,  Haxblt,  &  Pbibbauz,  Ibid,  yiu.  p.  80. 
'*  In  the  Cfumba  formation  there  are  Tarions  auriferous  Teins.*' 

Habbu,  Bbat,  Blaxxt,  &  Pbitoillt,  IHi,  zzyu.  p.  60. 

We  hsTe  had  in  Cu9nba  as  many  as  three  ^Id-^eins  side  by  side  in  the  same 
toorAtpi^,  which  are  here  no  less  than  nine  or  ten  feet  wide;  and  in  addition  to 
the  rich  ores,  which  are  taken  in  boxes  to  the  wuhinff'kfnue,  the  ore  for  a  eon* 
siderable  width  beyond  the  veins  will  give  a  good  produce  at  the  Stamps. 

Habbts,  Collins,  Blakbt,  Pbvoillt,  ft  ton  Hblmbbickbv,  Ibid,  zzz.  p.  55, 

f  **  We  hsTe  cut  a  Tein  in  the  Cumba  which  has  given  4b  os.  of  very  fine  gold, 
«<  and  stm  •SotdMpnUi  "  (soUd  lumps)  «  of  smaU  siie."— LYOir,  Ibid,  yii.  p.  81. 

«<  We  had  4  lbs.  from  the  Cumba  in  one  day."— Sz^bbbtt,  Ibid^  z.  p.  27. 

*<  At  the  Cumba  on  one  occasion  during  the  past  month  the  rein  yielded  about 
"  2  OS.  of  gold  for  the  waihinff-hou96." 

Habbzs,  Bbat,  Biambt,  ft  Pbvgillt,  Ibid,  zztii.  p.  54. 
The  Cumba  mine,  which  has  already  yielded  a  considerable  quantity  of  valuable 
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and  more  numerous  than  in  other  parts  of  the  deposit. 
Portions  of  the  strata,  which  enclosed  the  smallest  and 
poorest  of  those  bands,  gave  at  the  Stamps  0*000017 
their  weight  *  of  gold.  Near  the  middle  of  the  mine 
considerable  portions  of  this  formation  were  laid  open 
by  levels  (galleries)  from  Zu^e'tff  and  CricAiH^Sj'^ 
as  well  as  by  cross  (dnftsycuts  from  several  other 
shafts ;  §  but — though  parallel  to  the  richest  part  of 
the  Oongo  system  || — ^it  yielded  merely  small  grains 
of  gold,  far  too  widely  scattered  to  repay  the  cost  of 
extraction.  Amongst  some  thousand  samples  taken 
from  many  eastern  parts  of  the  mine,  none  contained 
more  than  a  barely  discernible  particle  or  two  of 
gold.1[ 

ore  for  the  Stomp*  afforded  from  the  26th  to  the  30th  of  October,  1840,  upwards 
of  28  lbs.  of  gold  for  the  immAm^-Aomm. 

TOM  HbZJCRBIOKBN,  H^BBM,  COLLim,  BLUOT,  ftPSHOILLT,  JR9or<9^<A# 
ImpentU  BrasiUan  Miiwng  AsioeiaiioH,  xxx.  p.  85. 

•  86  tons  of  ore  reduced  in  twenty-fonr  hours  yielded  1  lb.  80s.  lOdwts.  11  grs. 
of  gold.— DuTAL,  Ihid,  xzii.  p.  88. 

t  Henwoody  Ibid,  ZLin.  p.  5. 

X  Harris,  Bray,  Collins,  Blarney,  PengiUy,  Ton  Helmreichen,  and  Henwoody 
Ibid,  xzix.  pp.  88, 44, 61, 66 ;  xxx.  pp.  48, 62 ;  zxxi,  pp.  41,48 ;  XXXTUI.  p.  2 ; 
zzzix.  p.  10;  XL.  p.  10;  XLi.  p.  8;  XLni.  p.  6. 

{  Hocheder,  Harris,  Bray,  Collins,  Blarney,  Pengilly,  Ton  Helmreichen,  and 
Henwood,  Ibid,  xxit.  p.  46 ;  xxx.  pp.  66,  86 ;  xxxi.  pp.  24, 27, 41, 48 ;  XL.  p.  10 ; 
xuu^  p.  6. 

I  "  It  is  commonly  belicTed  that  whereTcr  a  lode  Is  rich,  if  there  be  another 
"  lode  near  it,  haTing  nearly  the  same  direction,  and  in  the  same  eomiiry  •  •  * 
"  it  is  probable  that  the  second  lode  will  be  found  rich  in  that  part  which  Is  op- 
"  posite  to  the  rich  part  of  the  first  lode.  This  U  not  a  new  doctrine :  the  phrase 
**or€  agaimi  ore  is  probably  of  earlier  date  than  the  present  generation  of 
"  miners.** — Cabnb,  ComvfoU  OeoL  2Viiii«.,  m.  p.  78. 

Henwood,  Ibid,  t.  pp;216,  238. 

H  Hocheder,  Tregoning,  Jennings,  Harris,  Bray,  Collins,  Blarney,  Pengilly, 
TOB  Helmreichen,  Crickitt,  and  Henwood,  Ibid,  xm.  pp.  69,  96 ;  XTuz.  pp.  46, 
66, 61,  71,  76;  xix.  pp.  38,  41,  46,  61, 63;  xx.  pp.  66,68;  xxx.  p.  74;  xzir.  P* 
46 ;  xxTXix.  p.  69 ;  xxxni.  p.  1 ;  xlt.  p.  9, 
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(3—4.)  In  great  part  of  both  these  deposits  a 
schistose  structure  prevaib ;  which — generally  parallel 
to,  the  bedding  and  foIiatioD  of  the  rock  beueath— 
bears  3'— 11'  N.  of  £.  &:  S.  of  W„  whilst  it  inclines 
35* — 60'  S.  The  same  lines  of  cleavage  are  common 
to  the  auriferous  portions  of  the  Gongo  formation, 
and  to  the  wedge-shaped  (hcrse)  mass  of  iron-ore  and 
qaartz,  which  interlies  them  towards  the  east.* 

Near  the  richer  (thooU — hunches)  masses  of  ore 
certain  strata  exhibit  broad  undulations  (Fig.  22, 
A  A),t  which  are  frequently  furrowed  with  narrower 
waves.;):  These  flexures,  whether  large  or  small,  have, 
amongst  themselves,  an  approximate  parallelism ; 
vhich  in  some  measure  conforms  to  the  slope  of  the 
goldless  granite^  near  Gaeth^  on  the  north-west; 
whilst — oblique  to  the  normal  direction  and  inclination 
of  the  beds  — they  dip   8* — 30*   towards   the  east 

Fig.  22.  ooKoo  •ooo. 

FUzniei  of  the  Iron  Btrmt*. 


•Autt,^  7Al,Fig.2\. 

t  "  Tba  onTTM  uc  nrnatlaM  limpla,  Uka  th«  taperfleiei  of  ■  cjUiidM'." 

BoABB,  Primary  Otology,  p.  114. 
%  "In  loiiMOMi  thiintgnlBriurfueottlielMdiiiappunitlrdaetoatigintl 
"  r^9>J*-(<rw:'«">  vkieh  b7  tb«  gensnl  moTemtnt  of  the  mu*  of  tlte  n>«k  HiOM 
"  ths  ol«&ng>-planra,  hno  Mqnirad  inpsTpowd  wrinklet." 

Fbof.  Psillipi,  a^orU  of  tht  fintiiA  .iuonoMM  (18H^  p.  38S. 
t  Hanwood,  ConueoB  Gtcl,  Tnmi.,  t.  p.  193 ;  ti,  p.  UB ;  Loadon,  EdMmyh. 
and  DuUiH  Pha.  Mag.,  3id  8«H«i,  izt.  (1841)  p.  SS3.     Anit,  pp.  307, 234. 
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Subordinate  portions,  as  well  of  the  Chmgo  as  of  the 
Cumha  series,  however,  exhibit  intricate  volutions, 
which  neither  affect  adjoining  strata  nor  reach  even 
the  confines  of  the  containing  bed.* 

At  wide  and  irregular  intervals,  however,  portions 
of  the  crystalline  iron-glance  assume  a  massive  struc- 
ture.f 

(3 — 5.)  Small  quantities  of  rich  iron-ore  broken 
near  Pengill^s  shaft,;);  on  the  Oatigo  formation,  were 
smelted  §  at  Taboleiro  near  the  mine ;  but  as  the  native 


•  In  mieaceoQs  sohitt  "  the  lesser  nndnlations  and  eorratores,  sra,  erident^, 
"  often  independent  of  anjr  corresponding  change  in  the  CTenness  of  the  bed; 
**  and  the  same  probably  often  holds  tme  ot  the  more  complicated,  slnee  they  do 
"  not  seem  to  pervade  the  whole  mass,  bnt  rather  to  occupy  paztiealar  ipots 
«  among  the  neighbouring  and  less  disturbed  lamina.** 

MaocuxjiOOh,  SiywUm  of  Geology^  n.  p.  ISO. 

Boase,  Primary  Oeolo^,  p.  114.  Sorby,  Edmbwyh  New  Phik  Journal,  ly. 
(1853)  p.  188. 

t  As  we  haTS  extended  the  21-ftn.  leyel  west  of  ITaOsr's  shaft  the  ground 
has  considerably  altered,  and  now  consists  of  hard  iron  stone.— Hochsdsb, 
BeporU  of  the  ImperuU  Braeilian  Mmmg  AeeoeiaUon,  xra.  pp.  69, 68. 

*'  A  croM-ctit  north  of  Lyon*e  shaft  at  the  48-ftn.  IctcI  has  trayersed  a  hard, 
'*  massive  rocki  composed  wholly  of  specular  iron-ore." 

HmrwooD,  Ibid,  zzzrni.  p.  3. 

'<  In  the  ero§t<ut  driven  towards  Bayley'e  shaft  at  the  66-fiBL  lerel  we  have  an 
"  exceedingly  hard  iron  rock.*'— Hahbxs,  Bray,  Blaiot,  &  Pbmozllt,  Ibid, 
xxYii.  pp.  51,  56. 

The  erou^ut  north  of  Veeey^e  shaft  at  the  48-fin.  lerel  still  penetrates  a  very 
hard  iron  roclu 

TBBOOKDro,  HA1U1I8,  Brat,  ft  CoxuNB,  Ifrid,  xxn.  pp.  98, 102. 

In  the  Ctxmha  adit  erose-eut  the  rock  was  alternately  hard  iron  stone,  end  talc 
schistus  intermingled  with  micaceous  iron-ore.— Hoohbdsb,  Ibid,  xni.  p.  88. 


t  Captain  Blamey,  MSS. 

\  The  ores  of  Oongo  Soco  are  rich  and  good,  but  they  require  a  very  different 
mode  of  treatment  to  the  one  adopted  in  this  country  with  the  argillaceous  iron- 
ore  ;  one  Tery  nearly,  if  not,  indeed,  the  same,  with  that  used  in  Sweden.    I  see 
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manufacturers  *  sold  their  iron  more  cheaply  than  it 

no  reasonable  doubt  that,  by  such  a  process,  they  would  giye  g^ood  pig-iron. 
Baw  ore  selected  for  analysis  yielded  per  cent, — 

Pint  experiment.  Second  experiment. 

Peroxide  of  iron 97*00     .*•• 96*20 

SUica 1*60     2-57 

Alumina     1-10     2*79 

Oxide  of  manganese    0*60     071 

Lime...... a  trace • atrace 

100  30     101-27 


The  excess  in  analysis  is  occasioned  by  a  small  portion  of  the  iron  in  the  ore 

being  in  a  minor  degree  of  oxidation. 

The  limestone^  sent  from  the  same  place,  contained  Tery  variable  quantities  of 

the  accompanying  rock ;  which  introduced  silica,  alumina,  ahd  magnesia  into  the 

furnace. 

The  only  sample  of  slag  from  a  Brasilian  iron-furnace,  which  I  have  seen,  was 

of  the  worst  possible  quality ;  for  it  contained  such  an  enormous  quantity  of  oxide 

of  iron,  as  to  make  it  equivalent  to  a  rich  ore.    By  analysis  it  gave  per  cent.  ;— 

Metalliciron 2*82 

Protoxide  of  iron 46*80 

SiUca  2800 

Alumina 6*20 

Oxide  of  manganese 0  80 

Lhne    11*20 

Magnesia 5*40 

99-72 


Fasadat,  S«part9  of  the  Brazilian  Mining  AMioeiatum,Y.  (1828)  pp.  89-95. 

t  The  natives  of  Minas  Oeraes  select  for  smelting  that  iron-ore  which  is  free 
from  alumina,  and  other  impurities ;  break  it  into  pieces  the  size  of  a  pigeon's 
egg,  but  do  not  calcine  it.  Lime  is  sometimes  used  in  the  fusion.  Their  furnaces 
are  about  three  feet  high  and  ten  or  twelve  inches  in  diameter,  and  suitable  pits 
are  prepared  beneath  them  for  receiving  the  fused  metal.  The  iron,  having  been 
once  fused,  is  immediately  laid  on  an  anvil  and  hammered  out  to  the  required 
dimensions. 

A  superintendent  (feiUnr)  and  sixteen  labourers  select  the  ore  and  prepare  the 

charcoal  for  three  or  four  (and  occasionally  even  for  six)  such  furnaces ;  which 

—usually  charged  fifteen  times  and  worked  by  a  second  overseer  and  five  other 

persons— yield  on  an  average  two  hundred  and  seventy  lbs.  of  good  maleable  iron. 

The  attendant  expenses  are  wages  and  food  of  23  people,  say  '\ 
•  one  shilling  and  three  pence  per  S  £  1     8    9 

day  each • ••j 

of  two  cars  for  conveyance  of  ore,  }     a  m    a 

charcoal,&c \     u  lu    u 

of  one  car  „  iron  I     a    5    0 


to  market 


! 


£2    3    9 


or  rather  less  than  eighteen  shillings  and  two  pence  per  (112  lbs.)  cwt. 

^  Baibd,  Ibid^  vzi.  p.  82. 
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was  prepared  on  the  spot,*  operations  were  soon  dis- 
continued. 

(3 — 6.)  The  most  important  part,  however, — some- 
times made  up  of  several  layers  each  scarcely  thicker 
than  paper,  sometimes  forming  a  single  bed  varying 
from  a  fraction  of  an  inch  to  three  or  four,  but  seldom 
as  much  as  six,  inches  in  width,  yet  conforming  to 
every  flexure  of  the  rocks  adjoining— occurs  near  the 
middle  of  the  series^t 

Of  the  narrower  portions  earthy  brown  iron  and 
manganese  are  chief  ingredients;  but  west  of  PengiUys 
shaft  at  the  tram  and  shallow^ — of  Williams*8  at  the 
shallow  and  seven  fathom  level, — of  Allcoch's  at  the 
seven  and  fourteen  fathom  levels, — and  in  other  western 
parts  of  the  min^,  these  ores  are  often  mixed  with  iron- 
glance;  eastward,  however,  small  crystals  of  oxydulated 
iron  are  numerous,  whilst  iron-glance  is,   perhaps. 


*  *'  We  muat  not  make  iron  to  long  u  we  can  pnrehaae  it."— ^bLBBBXTr, 
JUportt  of  the  Imperial  Brazilian  Mining  Aeeociation^  zii.  p.  38. 

The  natiyes  who  manufacture  iron  in  our  neighhourhood  are  supplied  with 
charcoal  by  their  slaTea  at  one-half  the  price  it  eoata  us ;  they  are  therefore  able 
to  make  iron  cheaper  than  we  can.  The  Brazilians  are  accustomed  to  prepare 
their  charcoal  in  pile;  ours,  howcTer,  is  made  in  heap§»  Manufactured  in  either 
way  it  is  equally  useful  for  fiumaces ;  but  heap-burnt  charcoal  is  the  most  ser- 
viceable for  forges.  Mr.  Rooke,  our  chief  forester,  calculates  that  (an  alqttiere) 
2,772  cubic  inches  of  charcoal  made  in  heaps,  under  his  superintendenoe,  costs 
(one  hundred  and  fifty  reis)  about  four  pence,  three  farthings. 

TON  Helmbbichxn,  Habris,  Collins,  Blambt,  &  Pbnoillt,  I^  xzz. 
p.  88. 

t  About  the  middle  of  the  disintegrated  iron-mica  schistus  manganese — largely 
mixed  with  one  or  more  layers  parallel  with  the  general  strata— renders  this  part, 
known  by  its  brownish-black  colour  and  greater  softness,  more  or  less  distinct 
from  the  rest  of  the  formation.  These  distinct  layers  of  jacotinga  form  the 
lode,  in  which  the  great  riches  of  Qongo  Soco  are  deposited. 

Hocu£D£B,  Ibid,  XV.  p.  54« 


n 
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rather  less  abundant.  In  both  cases  it  is  difficult,  if 
not  impossible,  to  distinguish  the  auriferous  band  froqL 
other  strata. 

The  broader  parts---€onnected  by  narrower  layer»-^ 
are  grouped  in  two  (shoots)  masses  of  irregular  ferm 
and  unequal  dimensions  (P/.  //.  Fig.  2). 

(^-a.)  The  smaller  (shoot)  mass  crops  out  at  the 
sur&oe  west  of  Penffilly's  shaft ;  and,  dipping  8* — 30* 
towards  the  east, — as  the  striss  or  undulations  ia 
the iron-mica-slate  also  dip*— > is  wrought  to  l^e  21- 
fathom  level  beyond  DuvaVs ;  f  a  range  of  more  than 
two  hundred  and  twenty  fathoms.  Its  width  seldom 
exceeds  three  inches,  and  is  generally  less  than  an 
inch.  The  chief  ingredient  is  iron-glance ;  of  granu- 
lar structure  and  mixed  with  earthy  brown  iron-ore  in 
some  places, — but  foliated  and  invested  with  earthy 
black  iron-ore  in  others  where  it  encloses  irregular 
lumps  of  earthy  hydrous  oxide  of  iron  and  earthy 
brown  manganese.  Buff-coloured  talc  is  common; 
but  friable  quartz  is  peculiar  to  the  granular,  and 
pearl-white  talc  to  the  foliated,  iron-ore.    Within  short 


*  Heavood,  ComwaU  (hoU  SVant.  t.  p.  198 ;  ti.  p.  146 : 
tmi  IhMm  PhU.  Uag,^  8rd  seriei,  XZY.  (1844)  p.  848.    JMt,  pp.  207, 284, 
259,  Fig,  22. 

t  Bj  foUowing  up  the  Gongo  main  Tiin,  through  a  poor  piece  of  ground  90* 
fathoms  in  horisontal  extent,  a  new  iAoo<  was  discoTered  near  Dnval's  ohaft. 
*  ^  *  This  has,  as  flar  as  we  know  at  present,  only  readhed  down  to  the  21- 
fathom  lerel  east  of  PuTal's,  and  it  becomes  Tcry  poor  even  there.  West  of  that 
shaft  it  eommenced  to  rise  aboTe  the  14-lathom  leTd,  and  continued  rising  in  a 
wasterlj  direction,  e  e  •  The  extent  of  this  %hMi  measured  i^t  right  angles 
to  its  fine  of  dip  is  from  12  to  18  fathoms. 

YOH  HsucBKOHXir,  Hakbis,  Collins,  Blaxbt,  A  Fbmoxllt,  BapmrU  qf  th» 
Jmpmcti  Brwemm  Minmg  A$9oeiaHm,  xxx.  (1840)  p.  88. 

PP 
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distanceBy  however,  differences,  of  structure  and  com- 
position, are  frequent. 

A  vein,  unseen  on  the  south,  springs  from  the 
northern  (wall)  side  of  the  auriferous  (Jacotinga) 
deposit;  and — parallel  to  one  series  of  joints*  in  the 
iron-formation— bears  2*— 6*  S.  of  E.  &  N.  of  W.  It 
is  usually  less  than  an  inch,  but  never  more  than  two 
inches,  wide.  Iron-glance,  buff-coloured  talc,  earthy 
brown  iron-ore,  and  manganese  are  its  ordinary  con- 
stituents, but  here  and  there  these  are  mixed  with 

other  substances.! 

( — &)  The  larger  {shoot)  mass  appears  at  the  surfSsu^ 
on  the  same  meridian  at  which  the  smaller — separated 
from  it  by  a  body  of  inferior  ore— dies  out  in  the 
21 -fathom  level  east  of  DuvaVs;X  and — accommo- 
dating itself  (so  to  speak)  to  the  ridges,  furrows,  and 
flexures,  which,  in  the  (walls)  rocks  on  both  sides,^ 
dip  10'— 28'  east  II — extends  to  the  sixty-two  near 
Vesey's  shaft,^  a  distance  of  more  than  two  hundred 
and  fifty  fathoms.  Its  thickness  is  sometimes  no 
greater  than  that  of  gold-leaf,  but  never  exceeds  six 
inches.  In  this,  as  well  as  in  the  smaller,  shoot  the 
principal  constituent  is  iron-glance;  of  which  the 
granular  variety — mixed  now  and  then  with  earthy 


•Ante,  ^260. 

t  Ton  Helmreiohen,  Hanisi  CoUins,  Blarney,  and  Pengilly,  Rtportt  of  ^ 
huptrial  BrosiHan  Mining  Asioeiation,  xxn.  p.  49 ;  zxx.  p.  88. 

t  Ante,  p.  250.       §  Ante,  p.  259,  Fig^  22. 

I  Hocheder,  JUportt  of  the  In^perial  BraMtUan  Mining  Astoeiation,  xt.  p,  65» 
Ton  Helmreichen,  Harris,  CoUina,  Blarney,  and  Pengilly,  IM,  xzz.  p.  81. 

f  PI.  IV.  Fig.  2. 
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brown^  but  more  frequently  with  earthy  black,  iron- 
ore, — is  generally  disposed  towards  the  (walls)  sides ; 
whilst  the  lamellar  kinds* — interlaminated  with  buff- 
coloured  talc, — enveloping  sometimes  isolated  lumps, 
sometimes  subordinate  layers,  of  earthy  manganese, 
irregularly  mingled  with  earthy  hydrous  oxide  of  iron, 
often  sprinkled  with  pearl-white  talc,  and  yet  more 
sparingly  with  smaller  quantities  of  other  ingredients* 
— ^usually  form  the  middle  of  ordinary  portions,  but 
alternate  with  granular  ore  in  wider  parts,  of  the 
deposit  Near  the  laminated  mass  (korse)  of  quartz 
and  iron-ore  which  splits  the  Gongo  iron-formation, 
east  of  Gibson's  shaft,f  every  buff-coloured  talcose 
member  of  the  auriferous  (Jacotingd)  bed  is  thickly 
studded  with  small  crystals  of  oxydulated  iron.  Still 
further  towards  the  east,  however,  these  substances 
form  detached  masses,  progressively  smaller  and  further 
apart ;  at  first  imbedded  in,  but  at  length  replaced  by, 
beds  alternately  of  pale-brown  earthy  iron-ore  and 
quartz.;}: 

(3 — 7.)  Several  thin  unconnected  bands  of  (Jaco^ 
tingcL^  iron-glance,  manganese,  and  talc  interlie  the 
schistose  iron-ore  within  short  distances  on  either  side 


*  The  chief  ingredients  of  the  Jaeoiinga  are  iron-mica  and  quarts,  which  en- 
close beds  of  manganese  from  a  quarter  of  an  inch  to  three  inches  in  thickness, 
as  well  as  strings  and  nests  of  iron-glance  and  talc.  The  manganese  beds  haye 
like  the  adjoining  rocks,  a  southerly  inclination,  as  well  as  a  general  (shoot)  dip 
towards  the  east. 

HooHBDXB,  B^porU  of  the  Imperial  BratUian  Minmg  AnociaHon,  XY. 
pp.  54 — 65. 

fAmUf  p.  251 ;  TaMe  VII,  column  21. 

{  yon  Helmreichen,  Harris^  Collins,  Blarney,  and  Fengilly,  Bepcrt9  of  Ma 
Im§ferkU  BnuiUan  Mming  Auociatwfh,  zzz.  p.  81. 
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of  the  primal  (vein)  bed  between  Walka/^s  and 
Bayly* $  shafts ;  *  but  they  seldom  exceed  a  few  feet  ia 
length  and  depth. 

(3— *8.)  The  Nwth  (vein)  bed  fonns  part  of  the 
Chngo  iron-series,  and — partaking  its  flexures — ^ranges 
from  three  feet  to  ten  fathoms  beneath  the  prindpal^ 
(wtn)  bed  I  but — ^never  cropping  out  at  the  surface— 
has  no  existence,  either  above  the  fourteen  or  below 
^  forty-one  fathom  level,— either  west  of  Walker's 
shaft  or  east  of  Bayly  s.    It  extends, —  te. 

At  the  14-ftik.  Urtl  from  WaO^t  duft  W.  to  ....  Xyon'f  E.  ••  about  72; 
n  21-ftii.  „  Ma€/arkm§'i  „  ••••  Ljfon'tt  »»  ••  »*  ^' 
fp  27'tiL  n  Matfnlmif9  ^  ••••  X|foii*f  „  ••  »  M> 
»f      84-flii.        y,         Xyoii'f  y,         ••••  Of&Mn'«  „   ••      »     ^' 

••     41-fin.       »,        CfmtU^B  „     beyond  Qib99i%*9  „   ••     t>     21> 

thus  forming  an  irregular  oval,  about  one  hundred 
fethoms  in  length  and  fourteen  in  extreme  depth, 
which  dips  endlong,  8' — 14*  towards  the  east.  Its 
thickness — never  exceeding  two  inches,  and  generally 
less  than  an  inch  —  gradually  diminishes  upward, 
downward,  and  at  either  end ;  until,  at  length,  it  dis- 
appears between  the  rocks  which  elsewhere  form  its 
opposite  (walls)  sides.  Within  short  distances  of  the 
Slide  §  crystals  of  oxydulated  iron  are  imbedded  in  a 

*  Serertl  small  TdxkB  (beds)  of  manganese  and  talc  are  indnded  in  the  rock 
between  the  two  prindpal  bands  of  Jacotfnga, 

Tov  HsLHBxiOHXir,  Haiuus,  CoLLnre,  Bluot,  ft  PzMOiLLTi  BafOfti  qfi^ 
Imperial  BnuiUan  Mining  ^Issoetattofi,  xxz.  p.  82. 

t  <•  The  North  yein  in  the  twenty-one  fathom  level  is  about  ten  UJihmh  ^ 
*•  feety  six  inehes,  north  of  onr  principal  vein;  but  in  the  fourteen  ikthem  lsj«| 
■*  where  it  discontinues  ito  course  upward,  it  is  no  more  tbaa  about  three  ice 
^  six  inches  distant.*' 

JxNKzirGs,  CoLLnre,  Hakexb,  Bb^t,  ft  JsmET,  2M,  xir.  P*  ^* 

t  DuTal,  IMf  zxi.  p.  65. 

§  AfUe,  p.  252  -,  Tabic  VIII,  columns  3, 15. 
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talcose  matrix;  whilst  elsewhere  wider  parts  of  this 
band  contain  lai^r  quantities  of  the  earthy  hydrous 
oxide  of  iron  than  those  of  the  principal  (vein)  bed  ; 
in  other  respects  the  mineral  characters  of  their  paral- 
Id  sections  are  much  alike. 

(3-9.)  The  New  North  (vein)  hedj  a  lower  member 
of  the  Crcngo  iron  series,  is  wrought — mostly  some 
fifteen  fathoms,  but  in  some  places  scarcely  as  many 
feet,  beyond  the  North  (vein)  bed — from  the  surface 
north  of  WalAer^s  to  the  thirty-four  fathom  level  near 
Aveline*8  shaft.  It  neither  holds  down  to  the  seven 
fathom  level  at  one  end  nor  reaches  the  surface  at  the 
other;  but — forming  an  irregular  oblong  about  one 
hundred  fethoms  long  by  twelve  deep— dips  17* — 20' 
towards  the  east  Generally  less,  but  never  more, 
than  an  inch  in  width,  it  gradually  declines,  as  well 
towards  either  end,  as  towards  the  bottom  of  the  mine; 
until,  near  WalAer*8  shaft  on  the  west,  at  Aveline's  in 
the  east,  and  at  the  thirty-four  fathom  levels  it — like 
the  North  (vein)  bed  * — at  last  dies  away.  The  in- 
gredients of  this  band  f  differ  but  little  from  those  of 
the  North  and  principal  (veins)  beds  on  the  same 

•AnUtp.  26. 

t  An  ftTenge  simple  of  UbiMjaeoiinffa  afforded — 

Peroxide  of  iron - 78*0 

Water   12*0 

Oxide  of  manganese ••••       1*5 

Alumina   8*0 

Talo 5*5 

Gold a  sHglit  trace. 

100*0 
FZBCIVAL  NOBTOM  JOHXBON,  E8Q.|  F.R.S.,  F.G.S.,  Ac,  &c.,  MSS. 
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meridian ;  save  that  the  earthy  hydrous  oxide  of  iron 
is,  perhaps,  somewhat  more  plentiful,  and  nests  of 
pearl-white  talc  are  larger  and  more  numerous  in  it 
than  in  them.  Fig.  24 — sketched  from  nature — affords 
a  better  idea  than  mere  verbal  description  can  give, 
of  the  complicated  mixtures  and  interlaminations  of 
buff-coloured  tatc  and  iron-glance,  which  occur  in  the 
shallower  parts  of  this  bed. 

Fiff.  24. 


(3 — 10.)  Between  Blarney's  and  Collins's  shafts  the 
Cumha  formation  contains  several  such  bands  |1  of  iron- 

*  "  W*  htTa  out  a  Tcln  in  tha  Cniab*  foniuttion  «lJoh  Lm  gtroi  i'S  ot.  of 
"  wry  ina  gold." 

Ltox,  Sept^  of  iha  Imptrial  Bna^taa  Uintng  Aiivnatifm,  ru.  p.  81. 

"  Tha  Cninbft  mina  hu  yielded  »  coDiidenbU  qoa&tlty  of  ikltiabla  on  for  the 
"riamtuj  bat  the  produce  rat  the  uathmg-hoia*  hM  been  very  trifling  cmtH 
"ktely;  but  between  the  26th  and  SOtb  of  October,  1810,  upirud*  of  23  lb*,  of 
"  gold  wen  exincled  from  tha  back  of  the  ll-fathon  lerel," 

TOM  HBLKsncBBR,  Habsu,  CoLuxa,  Bumxt,  &  Pihguit,  lUd,  sxx.  p.  S5. 
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glance,  brown  iron-ore,  earthy  hydrous  oxide  of  iron, 
manganese,  and  talc ;  but, — seldom  more  than  a  few 
feet  in  depth  and  never  exceeding  an  inch  in  thickness 
— they  disappear  at  the  fourteen-fethom  level* 

(3 — 1 1  •)  On  either  side  of  both  shoots  in  the  aurifer- 
ous (vein)  bed,  the  Oongo  iron-strata  assume,  for  some 
distance,  a  thick  lamellar  structure  and  granular  tex- 
ture ;  but  adjoining  the  smaller  mass  they  are  more 
granular,*  whilst  beside  the  laiger  they  become  softer,t 
than  elsewhere;  parallel  with  the  former  the  Cumha 
formation  also  puts  on  a  rather,  though  not  an  exactly, 
similar  character.;}:  These  changes  respectively  begin 
and  end  at  neighbouring — ^if  not,  indeed,  at  the  very 
same — ^waves  or  ripples  in  the  strata ;  which,  as  al- 
ready shown,  everywhere  dip  towards  the  east.§  In 
such  rocks  the  vein  north-west  of  Morgan* s  shaft  ||  and 

*  Taih  VIII.  column  8. 

t  A  Bhaft  oomxnenoed  at  the  surface  three  weeks  since  is  now  about  eighteen 
fitthoms  deep. 

Ltov,  Reporti  of  the  Iff^penal  Brcunfian  Mining  AuoekOion^  T.  p.  88. 

At  the'  fwt0  adU  eight  men  hare  driven  sixteen  fathoms  in  fifteen  days.  I  have 
promised  them  a  reward  if  they  complete  thirty-fiTC  fathoms  in  the  month;  and 
they  appear  sanguine  of  success.— JMd^  p.  41. 

The  «fvsi-«itf  at  the  thaXUiw  adU  has  been  driven  by  three  men  forty-eight 
fathoms  in  eighteen  working  days.— /&ufy  Ti.  p.  20. 

t  In  the  Cmn&i  adU  the  ground  is  of  so  fayourable  a  nature  that  we  haye  as- 
signed the  men  twenty  fathoms  for  their  month's  work ;  and  haye  promised  them 
a  premium  of  three  miktii  (about  six  shillings  and  nine  pence),  in  addition  to 
thehr  ordinary  wages,  for  eyery  additional  fathom  they  may  driye. 

HooHBDBB,  Ibid,  xyn.  p.  97. 
*'  Below  the  adit,  the  rocki  although  not  yery  wet,  is  exceedingly  soft." 

Ihid^  xym.  p.  54. 

lu  the  croii'eui  at  the  twenty-one  fathom  leyel  towards  Cumba  the  ground  has 
become  so  yery  soft  that  we  haye  been  compelled  to  abandon  it. 

Hab&is,  Colliks,  &  Blaxet,  Ibid,  xxy.  p.  62. 
i  AnJte^  pp.  259,  268,  264.  0  ^i^f  P<  264 ;  7a5fo  VIIL  column  6. 


270        W.  J.  Hbkwood,  an  the  OoU- 

the  smaller  shoot  on  the  principal  (vdn)  bed  of  the 
Gongo  series,*  as  well  as  several  shorter  and  narrower 
layers  in  the  Camba  fonnation,t  have  all  yielded  gold 
on  the  same  meridian.;];  In  somewhat  similar  strata,  the 
principaU\  North,^  New  North,^  and  other  smaller 
{veins)**  beds  of  the  Oongo  deposit, — ^all  dipping  east, 
*— are  likewise  rich  between  the  meridians  of  Wattet^i 
and  OuriWs  shafts.;};  In  this  part  of  its  range,  how- 
ever, the  Camba  series  is  entirely  barren. ft 

(3 — 12.)  Wherever  hard,  crystalline,  massive  iron- 
glance  touches  or  approaches  the  auriferous  bands,  they 
cease  to  be  productive. 

On  approaching  the  8Hde;XX — which  is  composed 
of  ozydulated  iron  and  talc, — ^the  North  (Mm)  bed 
partakes  its  ingredients,  and  conforms  to  its  amaller 
inclination,^^  but  no  longer  yields  gold.  For  of  every 
anriferous  band  in  both  series,  the  highly  inclined 

«  Anie,  p.  268 ;  PU IV.  Fig.  2. 

t  AiUe^ p.  268;  TMg  VIIL  oolunm  6;  TU IV.  Fig.  8. 

X  Carne,  CcurmooU  G^oL  Dram.,  m.  p.  78.  Heawood,  Rid,  t.  pp.  S15»  23& 
ilfi(i,p.288,Note|. 

{  AnU,  p.  264 ;  Tobk  VIIL  oolnmni  12, 15, 18;  Pk  IV.  I^.  2. 

I  AmU,  p.  266 ;  Table  VIIL  columnB  15, 18. 

%Ani0f  p.  267;  TaNe  VIIL  coloami  15, 18. 

••  IM$  VIIL  eolmniM  12, 15, 18;  PI.  IV.  Fig.  8. 

ft  Hoeheder,  lUporti  of  the  Imperial  Braaiiian  Mming  AaoeiaHonf  xni.  p.  83. 
Tregoning,  Hanis,  Collins,  &  Bray,  Ibid,  zzx.  pp.  81, 105;  xxn.  pp.  98, 102. 
Hania,  Bray,  Collbis,  Blarney,  &  Fengflly,  Ibid,  zxyn.  pp»51,  56. 

tt  Ante,  pp.  252,  266 ;  Table  VIIL  oolumns  8, 15. 

{{Near  the  SIMt  the  ^br<AMwi  hat  altered  Iti  dip  and  nature;  and  hitherto 
it  has  been  poor.— Hoorbbsb,  Reporteaftbe  la^peiial  BragUiam  Mtnmg  Amo- 
ciaH&n,  xtii.  p.  72. 

Tregoning,  Harris,  Jennings,  ft  Bray,  IHd,  XTttu  p*  94.    Tabie  VIIL  Note/ 
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portions  are  most,  whilst  the  flattest  are  least,  pro- 
ductive.* 

(3 — 13.)  But,  although  a  general  resemblance  pre- 
vails throughout  the  North  and  Neu)  North  (veins) 
beds, — ^both  shoots  in  the  principal  (vein)  bed, — and 
several  smaller  members  of  the  Cumba  formation,t 
gold  abounds  only  in  certain  portions ;  which— diffi- 
cult as  it  is  to  describe  them— -are  easily  recognised  by 
a  practised  eye.^  The  history  of  Oongo  Soco^^  there- 
fore, mentions  no  mass  (bunch)  of  gold  discovered  by 
mere  chance ;  although  appearances,  favourable  at  first, 
have — as  in  the  mines  of  other  countries — sometimes 
led  to  disappointment. 

The  richest  bodies  of  Jacotinga  are  seldom  more  than 
a  few  feet  in  length  and  depth ;  but,  between  PengiUy*s 
and  DuvaFs,  as  well  as  between  WalAer*8  and  Bayly* s, 
shafts  the  bunches  have  been  very  numerous. 

Near  the  middle  of  each  bed  f  the  matrix,  already 
described,  encloses  rough  (nuggets)  lumps,  usually 

*  ftom  tli0  thallow-adit  io  the  four  ikthom  leTel,  th«  mm  dips  (Suter  than 
Qtoal,  and  haa  a  kindl/  appearance :  it  now  yields  rich  prUU. 

Ltoh,  BtporU  of  ikt  In^^mal  Bnmlim  M4mmg  Ajuodation^  TX.  p.  64. 

Throughout  the  mine  gold  ia  moat  plentiftil  in  thoae  parte  of  the  mmi  whieh 
are  neareet  to  the  perpendicular. 

JTmnmros,  CoLLxifB,  Haxus,  Bba.t,  &  Jbifbbt,  IbH  xxr.  p.  66. 

At  the  twentj-eeren  ikthom  lerel  near  Moefarkm^9  ahaft  the  etrata  in  the 
weatecn  part  of  the  works  have  a  Tery  fiat  inclination  towards  the  south,  and 
appear  rather  unpromising  •  •  •  •  Bastward  howerer  the  Yein  haa  held  down 
to  the  fadb  of  this  IcTcly  and  has  heen  Tory  produotiTe. 

HooBBinB,  Ihidt  XTX.  p.  66. 

Thomas,  RtpoH  on  a  Smv$^  of  tk§  Mining  Diatriti  from  Chaemoaier  to  Cam- 
hornst  P*  20.    Henwood,  OormoaU  ChoL  2Vmf .,  T.  p.  281.    Anto,  p.  82,  Note  «. 
tiliil0,pp.263— 268. 

t  Ihvnl,  Beporti  of  the  Iwjpmai  BratOian  Mining  Asiociatim,  zzzz.  p.  23. 
{ IHdf  X.— uui. 

QQ 
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but  a  few  ounces,*  though  here  and  there  two  or  three 
pounds,!  and,  in  an  instance  or  two,  of  still  greater  % 
weight  Some  of  these  are  isolated;  others,  at  un- 
equal interTals,  are  either  irregularly  clustered,  or 
united  by  thin  laminae  and  reticulated  threads;  but 
all  are  of  gold.  Certain  broad  parts  of  every  (vein) 
bed  have,  at  times,  contained  two  or  three  parallel 
groups  §  of  this  description;   which  have,  now  and 


^  LyoD,  Reporii  of  the  Imperial  BrtmUan  Ummff  AeaoeiaHonf  !▼•  p.  48;  n. 
pp.  45, 49, 68 ;  TUi.  pp.  80, 33, 89.  Trebilcook,  Prideaox^  Hambly,  &  JTenniiigB, 
iW,  yni,  p.  71. 

t Lyon,  Ihid,  it.  p.  20;  Tix.  pp.  Z6, 66;  Tin.  pp.  Z5,  64, 68.  Skenett,  iU#, 
xxy»  p.  42. 

}  "  Of  the  priUs,  now  sent  as  speclmensi  one— which  still  weighs  more  than 
'*  twenty-one  lbs.— wonld  hare  been  more  than  thirty  lbs.,  but  a  great  part 
"  cnnnbled  off  in  the  waBhing."^6xBB&BTTy  Ibid,  xir.  pp.  43,  49. 

<<  A  peculiarity  obserred  in  the  dtmcA,"  west  of  Morgan*$  shaft,  "  is  the  lumpy 
**  nature  o(  the  work  of  which  it  is  composed,  and  the  unusual  sise  of  its  pritte  ; 
**  one  of  these  was  13  inches  long,  from  3^  to  6  iuclies  broad*  and  ftom  }  to  1§ 
"  inch  thick,  weighed  when  roughly  washed  14  lbs.  4  oz.  16  dwts.,  and  produeed, 
'*  after  being  pounded,  13  lbs.  1  os.  19  dwts.  4  grs.  of  gold,  in  which  one  lolidy 
"  pure,  piece  weighed  1  lb.  3  os.  16  dwts." 

DUTAL,  iMtf,  XXTIX.  p.  25. 

§  Our  gold  has  been  chiefly  obtained  £rom  a  branch  beneath  the  Tein  lately 
worked  in  the  back  of  the  thirty-four  fathom  leyel  east  of  Lyon's  shaft  Whero 
first  seen,  the  branch  bore  nearly  north  and  south ;  but  within  a  short  distaaoe 
its  direction  changed,  and  it  is  now  nearly  parallel  to^  and  about  ten  feet  north 
of,  the  Tein  from  which  it  separated.  This  is  by  no  means  an  unusual  occunoice ; 
for  branchee  parallel  to  those  first  worked  have  been  frequently  disooTwed* 

HiJLBis,  JBNMiNas,  &  Bbat,  Ibid,  xynx.  p.  65. 

At  the  thirty-four  fathom  lerel  east  of  Gibeon'e  shaft,  a  bnmch  about  four  feet 
south  of  the  North  Tein  yielded  on  the  18th  and  19th  of  February,  1886y<— 219  lbs. 
4  dwts,  12  grains  of  gold.— Moeoax,  HioKBOir,  TasGONiNa,  Habbis,  JvmoLY, 
Bbat,  jBKNiiras,  &  Collins,  Ibid,  zx.  pp.  88,  89,  81,83,  86;  zzz.  pp.  18, 
68,69, 123;  zxx.p.  82. 

On  the  7th  of  February,  1840,  two  men  extracted  in  three  hours  105  lbs.  of 
gold  from  a  vein  in  the  north  watt  of  the  old  works  at  the  thfrty-lbur  fiithom 
leTel  east  of  Cmii»*e  shaft.—  Dutal,  Habbis,  Bbat,  Cozjjxb,  Blambt,  & 
FairoiLLT,  Ibid,  xxTin.  pp.  37,  64 ;  zzix.  pp.  23,  37, 40,  65;  ztz.  p.  82. 

Whilst  opening  a  second  lerel  between  CwHe's  and  Gibion'e  shafts,  a 
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then^  lain  within  so  narrow  a  compass,  that  they  were 
wrought  in  the  same  (level)  gallery.*  Nuggets  are 
common  near  the  centres  of  abrogations;  folvB'\ 
towards  their  circumferences* 

But  whilst  clusters,  such  as  these,  form  a  striking 
characteristic;  —  smaller  nuggets  (prillsXX  flakes, 
threads,  and  granules,^ — slightly  coherent,  or — ^more 

Mm  was  diseoTered ;  whichi  in  May  and  June,  1842,  yielded  303  lbs.  7ob«  13  dwts. 
of  gold. — Cbickjtt,^  Ihidf  xxxui.  pp.  1,  4. 

*  "  Aa  we  have  had  three  oonfoaed  branches  in  the  fourteen  fathom  end  for 
"  some  days,  I  suspect,  as  they  join,  we  shall  come  to  a  good  bunch;  of  which 
**  we  have  ahready  some  indioatxons." 

Ltov,  Bqxfrtt  of  the  Imperial  Brazilian  Uininff  AstoeiaUon,  yn.  p.  46. 
"  In  the  bottom  of  the  twenty-seren  fathom  level,  east  and  west  of  Lyon't 
"  shaft  *  ^  ^  we  have  sometimes  had  two,  sometimes  three  productive  veins. 

Jennings,  Habbis,  Brat,  &  Jsffbily,  Ihid,  ziii.  p.  56. 

"  The  workings  in  the  shallower  part  of  the  mine  have  only  been  carried  on 

"  from  two  to  three  feet  in  width,  because  there  was  but  one  vein  to  follow;  in 

"  working  deeper,  several  veins  have  been  met  with,  but  they  were  diminishing 

"  in  richness.    The  works  in  the  back  of  the  thirty-four  fathom  level  are  now 

"  from  seven  to  eight  feet  in  breadth,  in  order  not  to  miss  any  vein  which  may 

"  exist,  either  in  the  fooi^ox  the  hanging-waU^  of  the  bed." 

HooHBDBB,  Ibidt  xyn.  p.  79. 
t  The  late  Captain  John  Luke,  MSS. 

At  TaqmrU  near  Sabarfi  strata  of  schistose  iron-glance,  enclosing,  in  some 
places,  minute,  conformable  bands  of  quarts,  are  divided  by  thin  beds  of  buff- 
coloured  tale ;  and  these  are  interlaid  by  plates  of  gold ;  whioh^Arequently 
several  inches  in  length  and  breadth,  though  seldom  thicker  than  paper,-<-olten 
^xlubit  parallel  strie,  similar  to  those  observed  in  the  larger  deposits  of  Morro 
ytihOf  Pitanffui,  Agoa  Quente,  and  Qongo  Soco,  and  in  sUekemides  elsewhere. 

John  Mobqan,  Esq.,  MSS. 

t  ^e  have  cut  a  strong  branch  of  gold  in  the  middle  adit;  but— owing  to  the 
unusually  wet  state  of  the  level — ^we  cannot  see  it.  The  vein-stuff  washed  to- 
^7  has  given  nearly  two  pounds  of  gold;  we  have  for  sdhie  time  had  prills  as 
^ge  as  haliT-almonds,  we  now  haye  them  of  an  ounce  weight. 

Lton,  Beporte  of  the  Imperial  Bfxteilian  Mining  AuociaHon^  vixi.  p.  39t 

{  Between  the  seven  and  fourteen  fathom  levels  the  branch  has  a  very  peculiar 
appearance,  the  gold  lying  in  it  in  fine  dust,  but  (ew prills  occurring;  decom- 
piled yellowish  talc  and  reddish-brown  manganese,  forming  to  the  breadth  of  a 
*pui  in  some  places,  and  then  again  diminishing  to  an  inch  in  thickness*  The 
^hole  of  this  is  rich  in  gold,  and  I  saw  a  miner's  hatful  broken  imderground 
^liich  yielded  27  lbs.  7  os.  14  dwto.  of  dust. 

Ibid,  VIII.  p.  61 ;  Table  VIII.  Note  »V. 

A  hat-^ap  of  ordinary  size  heaped  with  coarse  ore  is  about  0*142857  cubic  foot 
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frequently-iflolated  in  the  flnrronndiiig  matrix,-foniish 
the  chief  riches — of  this  formation.  Grains,  partideSi 
and— sometimes — small  nuggets '  oocax  in  nnmbera 
gradually  diminishing  towards  the  confines  of  every 
bunch ;  *  on  both  sides  of  large  masses,  however, 
adjoining  strata  are,  for  short  distances,  also  thinly 
sprinkled  with  gold.t 

The  following  extracts  from  accounts  kept  at  the 
mine  show  how  unequally  gold  is  distributed,  as  well 
in  the  hunches^  as  in  the  formation  generally. 

Dates.  WaMng-houft  Sttmpi.  Totab. 

Ibc  (Truf),  Ibt.  (Ticv).  Dm.  (Troif). 

1828.  Feb.  14th.. ••      9«)1 —      ....      9-eOlI 


16th....    72*121 

16th....    17-680 

1829.  Jan. 22nd....     9-418 

23rd....    67-213 

24th. .••    10-690 


• . . 
• . . 
••• 
. . « 

•  • . 
• .  • 


72'121 
17-680 
9-418  § 
67-213 
10-690 


•  In  parts  of  the  productiTe  layera  where  no  gold  is  visible  by  the  naked  fjVy 
It  exists  disseminated  through  the  Jaeotinga. 

HooKXDSBy  ibgwris  of  the  Imperial  AvsiiuHi  Mmmg  Anociaiimi^  >▼.  p.  55. 

Most  of  the  gold  lately  obtained  has  been  from  the  back  of  the  thir|y-fov 
fathom  lerel  east  of  Gibson's  shaft,  where  the  auriferous  stratum  is  oocaaionally 
diTided  into  seyeral  layers ;  in  which,  although  the  gold  is  not  always  peroeptiblsi 
the  Jaeotinga  for  the  stamps  is  richer  than  that  from  other  places. 

Ihid,  XTX.  p.  0O. 

Of  late  the  greatest  part  of  our  produce  for  the  washing-house  has  been  ob- 
tained from  the  back  of  the  thirty-four  fathom  level  near  Curtis's  shaft.  Odd* 
smld's  stamps,  supplied  from  these  workings,  yielded  during  the  past  month 
(February,  1840}  about  fifty-nine  pounds  of  gold. 

Haulis,  B&iT,  Blaxbt,  &  Fbnoillt,  Rid,  xxix.  p.  37. 

t  In  the  back  of  the  thirty-four  fathom  lerel  east  of  Curtis*s  shaft  the  Ttt& 
has  been  very  rich,  and  the  stuff  on  either  side  of  it  has  yielded  a  large  produce 
at  the  stamps.— Har&is,  JninnNOSi  Colliks,  &  B&at,  Ihid,  xt.  p.  44. 
}  im^  IT.  p.  74;  ▼.  p.  08.       {  llrid,  yn.  p.  117. 
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lb*.  (Troy).  Um.  T^W^. 

1829.  Feb.  24th  ....   28-916 — 

2Stb....    81-8331   — 

>-127-853t 
26th..  .    46-020J   6-225 

Sept.  22nd. .. .   87-680~^   — 

23rd....  137-000      9-000 

21th....   69-242      6-fiOO 

^dl6-654t 
26th  ....  140-958      9-166 

a6th....  68-083      3-000 

28th....  63-60lJ    — 

29th....  13-870 — 

1830.  Jan.  20th  ....  13714 — 

2lBt  ....  77-741-j    — 

V140-821  n 
22nd....   63-080J    — 

1831.  April  14th ... .     2-191      — 

16th....    18-772 — 

16th....    35-786 — 

1832.  NoT.22nd. . . .     5-810 2-666 

23rd....    30-961 6-654 

24th....    97-840tt 2-588 

26th....    11-158 1-679 

1-022 


1836.  Feb.  16th  ... .      -. 
17th  ... .    2a893 


•  •  •  • 


Totals. 

28*916* 
81*883 


•  •  •  • 


52-345 
....    37-680t 
....  146000 
....    74-742 

....  150-124 
71-083 
63-691 
13-870 
13-714  § 
77-741 


•  •  • 


•  •  • 


•  •  • 


•  •  • 


•  •  •  • 


•  •  •  • 


63-080 
2-191  \ 

18-772 

36-786 
8-376*» 

37-505 
....  100-«28 

12-837 

1-022  tt 
23-893 


•  •  •  • 


*  •  « 


•  ■  •  • 


•  •  •  • 


•  •  • 


•  Btportt  of  the  Impsriai  Brazilian  Uining  Astociaiion,  yii.  p.  118. 

t  Table  VIII.  column  15 ;  PoiUa,  p.  279. 

X  Reports  of  the  Imperial  Brazilian  Mining  Aeeociaiion,  Tin.  p.  121. 

§  Ibidf  nu  p.  75. 

I  Table  VIII,  column  15;  Pottea,  p.  280. 

%  Reporti  of  the  Imperial  Brasilian  Mining  Auociationf  XL  p.  91. 

•♦JWrf,xiv.  p.  117. 

tt  Table  VIIL  column  18;  Poitea,  p.  280. 

XX  Reports  of  the  Imperial  Braeilian  Mining  Aeeociation,  toll  p.  123. 
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I 


JDatei. 


22nd  .... 
1898.  Jan.   7th  ... . 


10th  . . . . 
1840.  Feb.   6th 


CmmcuMm  daf$,  eonttnned. 
WaiMitff-^9U$t.  Stampi. 

1836.  Feb.  18th  ....  116-683~l    — 

V21-9018  • 
19th  ....102-436J   — 

20th  ....    11-353 5-827 

2025 2-835 

0-341 1-030 

8th....   20-302 3-772 

9lh....     9786 0-804 

—      0-834 

—      0-374 

7th....    28-724§    0-2S0 

8th....    90-020§    3-246 

10th....     4-062 0-853 

11th....     —      0-728 

Conseeutive  months. 

1828.  February 256-562 — 

March 40179 — 

1829.  Augnst 219*315 37124 

September. . . .  711-648 47*410 

October 270277 80-650 

1836.  January 4-647 28-256 

February 301-558 43363 

March 17-767 61-224 


Totab. 
Vb*.(Tnf). 

....  11&583 

....  102-435 
....  17180 
4-880 

2-271 1 
24-074 

10*580 
0*834 
0*3741 
28-974 
93*266 
4*915 
0*728 


•  •  •  • 


m  • 


•  •  •  ■ 


•  •  •  • 


•  •   •  • 


....256*56211 
....    40*179 
....256*439f 
....  759*058 
....300*827 
....    ^-908" 

•  •  •  •  t}44*ifif  X 

78-991 


•  ••  • 


•  Reports  of  the  Imperial  Brazilian  Mining  Aseociation,  xz,  pp.  38,  39,  81, 
88;  XXI.  pp.  60,  69, 73,  123;  Table  VIII.  column  21 ;  Pottea,  p.  280. 

t  Beporte  of  the  Imperial  Brazilian  Mining  Aetodation,  zzrn.  p.  66. 

X  Iltidt  zzix.  p.  65. 

§  Ibid,  zxiz.  pp.  23,  65 ;  Tahle  VIIL  column  18 ;  PoHea,  p.  280. 

I  Baports  of  the  Ifiyserial  Brazilian  Mining  Assodationf  it.  p.  74;  ▼•  p.  98; 
Table  IX.  columns  11—13. 

%  Reports  of  the  Imperial  Brazilian  Mining  Astociation,  Tin.  p.  121 ;  Table 
IX,  columns  29-- 37. 

••  Reports  of  the  Imperial  Brazilian  Mining  Association,  xxi.  p.  123  ;  xxvii. 
p.  66. 
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Con9$eutive  monthtt  continued. 
Dates.  WoMng^hoiue.  Stamju.  Totals. 

lbs.  r^Vvy^.  lbs.  (TroifJ.  lbs.  (ThfjfJ. 

1840.  January 5-355 461&1    ....    51-639« 

February 191-281 76114t  ...•267'345 

March 14*424 44-769     ....    69193 

Consecuiive  ydori.t 

1827 2,010-011 ~      ....  2,010011 


8 1,002-200......        — 

9 3,807089 383-884 

189D 2,804-558 235-957 

1 2,434-414 697-463 

2 2,756-249 1,445-977 

8 1,790-534 1,197-922 

4 934-348 719-252 


...  1,062-200 
. . .  4,190-973 
...  3,040-515 
...  3,031-887 
...  4,202-226 
...  2,988-456 
...  1,653-600 


(3—14.)  From  1826  to  1856  the  Imperial  Brazilian 
Mining  Association  obtained  § — 

inetustenffui^ggU,  and  other*) 

ooane  gold;  treated  by  hand  [23,381-251  lb8.|  or  0*677  of  the  entire  produce ; 
9X  ihB  washmg-houie      ....j 

in  smaller  grains  and  particles^ 

extracted  from  the /aMW^Mi^ 1 11,146*847  »   IT,,  0*323  „ 

hjiUmping    J 

Total 84,628-098  lb84 

Rather  more  than  two  thirds  of  the  gold  occurred, 
therefore,  in  masses,  plates,  and  threads ;  whilst  some- 
what less  than  one-third  was  disseminated,  in  grains 
and  particles,  through  the  adjoining  matrix. 

^  BtforU  of  ih/B  Imperial  Braailian  Mining  As9ociation,  xxm,  p.  66;  sziz. 

p.  66. 

t  Inferior  ore  is  seldom  or  never  itamped  or  washed  the  day  it  is  broken  in 
the  mine. 

PtofllM,p.276,Note«. 

t  TaNe  IX.  eolumns  44—46. 

§  lUporti  qf  the  Impwial  BriuiUafi  Mining  Associaiiont  i.<— LXiz. 

it  Tahie  IX.  column  44,  Note.  I 
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Numbers  of  prills  and  quantities  of  rich  Jacotinga^ 
however,  were  stolen  by  the  workmen ;  *  who — some- 
what insulBiciently  superintended^f — ^for  several  yeais, 
brought  to  the  surface  in  their  haUcaps^  %  the  gold 
they  had  broken  in  the  mine. 

The  positions  and  relations  of  the  several  hunches 
are  set  forth  in  TahU  VIIL;  the  proportions  of 
nuggets  and  other  rough  gold  they  afford,  are  shown 
in  the  following  columns : — 


*  One  of  oor  miners,  who  was  a  few  days  sinoe  detected  whilst  washing  a 
large  quantity  of  gold^  in  a  most  sequestered  place  abont  four  miles  from  the 
nine,  has  been  handed  oTer  to  the  authorities.  *  *  *  On  aesrrhing  the  place 
a  large  canister  of  rich  unwashed  ore  was  traced  out  by  scraps  of  paper  and 
old  rags,  in  various  stages  of  decay,  denoting  the  length  of  time  this  ne&iious 
traffic  must  have  been  carried  on. 

SxKuuRT,  lUporti  of  the  In^mial  BnuUitm  Mmmff  AMOciaium,  xz.  p.  87. 

Our  stamps  have  been  robbed  but  four  times  in  the  last  two  years.  •  •  « 
The  infamous  gang,  who  found  their  way  into  your  sendee,  formerly  contriTcd 
to  plunder  them  frequently.— iMcf^  xin.  p.  30. 

The  last  remittance  includes  nearly  a  pound  of  gold  seised  near  the  robbers' 
caye.    It  has  been  returned  by  the  authorities.— -Kuf,  xiv.  p.  49. 

t  *'  Both  captains  and  miners  were  so  anxious  to  tear  out  the  gold,  that  the 
**  14-&thom  level  was  in  an  instant  filled  with  men ;  and  such  was  the  eagerness 
**  of  the  crowd,  that  it  was  utterly  impossible  for  all  to  squeese  into  the  end; 
*'  some  of  them  in  consequence  amused  themselTcs,  by  way  of  recreation,  in 
•*  taking  out  good  toorA  from  the  7  fathom  leTcL" — ^Ltom,  Ihid^  n.  p.  68. 

{  «  On  my  return  I  found  «  •  •  one  of  the  miners  with  such  a  hat  of  pro- 
**  duce  I  from  the  end  of  the  14  fathom  level." 

Ihid,  YZ.  p.  58;  vn.  p.  27;  vm.  pp.  84, 61. 

"  To  bring  up  four  or  five  hats  ftill  of  ore  occupied  the  miner  an  hour  and  a 
**  half,  which  might  have  been  spent  In  labour  •  •  «  I  have  therefore  provided 
**  leather-lined  baskets  five  or  six  times  the  sise  of  a  hat  and  secured  with  ped- 
*'  locks.  These  can  be  drawn  up  wtnses  and  shafts  without  loss,  whilst  the 
«« miner  continues  his  work." — Sxbbbbtt,  Ibid,  ix.  pp.  26,  28. 

**  Hats  shall  no  longer  be  used  e  •  e  although  the  miners  assign  as  a  reason 
**  for  still  bringing  one  occasionally,  their  desire  to  show  it  thonselves  when 
"  good."— iWrf,  XI.  p.  28. 

**  The  ore  which  was  formerly  left  in  hats  when  brought  up  is  now  deposited 
"  in  a  large  double-locked  chest."— /6u^,  zul  p.  29. 
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From  Jacotinga  in  which  scarcely  a  particle  could 
be  seen  by  the  unaided  eye,  the  undermentioned  pro- 
portions* of  gold-dust  were  obtained  at  the  Stamps. 


Oste. 


LoeaUty. 


I  Proportion  of 
gold  extraotad. 


1832. 

1833. 
1834. 
1836. 
1844. 
1845. 
1860. 
1861. 


Beds  fveimj  and  hunches  from  various  kveia  in  different  I 
parts  of  the  mine  ••••»• • »»......» 


••••*• 


y  *•...••••• 


••••••••••  M        • » 

48-fothom  lev^  near  Vetey't  shaft • . . . 


0*00001234t 

0*00002061 1 

0*00000667{ 

0000004081 

0*00000106 

000000088 

O'ooooooroir 

000000044** 
000000042  tt 


The  bunches,  of  which  the  broader  and  more  highly 
inclined  central  parts  give  from  (0*302586  ifj  to 
0*521123)  one-third  to  one-half  their  weight  of  metal, 
gradually  diminish  in  width,  inclination,  and  quality, 
towards  their  circumferences;  and,  at  length,  merge 
in  the  still  thinner,  flatter,  and  less  productive  por- 
tions of  the  (veins)  beds,  where  two  million  three 
hundred  thousand  of  matrix  yield  (0*00000042tt  ^ 
0-00000044  •♦)  a  unit  of  gold.    The  poorest  ores,  how- 


•  Table  VIII.  columns  16,  21 ;  Table  IX.  column  7. 

t  Skerrett,  BeporUofihe  Imperial  Brazilian  Mining  AseociaHon^  xiii,  p.  36. 

X  Hocheder,  Ibid,  xy.  p.  64. 

i  Ibid,  xyix.  pp.  72—122, 143^148;  XTin,  pp.  41—67, 111—113. 

II F.  X.  Hocheder,  Ibid,  xxiL  p.  74, 

IT  Hitchens,  Ibid,  l.  p.  3.     *«  Ibid,  Li.  p.  4 ;  Lii.  pp.  7, 10. 

tt  Tregoning,  Harris,  Bray,  &  Collins,  Ibid,  xzix.  p.  120. 

tt  Lyon,  Ibid,  YUX.  pp.  34,  61 ;  Table  VIIL  column  12 ;  AnU,  p.  276. 
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ever,  are  wrought  only  whilst  they  afford  traces  of 
those  rich  buncheSj  which  are  peculiar  to  the  Jacotinga. 

For  ores  of  qualities  so  unlike,  experience  dictates 
the  different  modes  of  treatment.* 

(3 — 15.)  The  Cumba  formation  contains  several 
short,  narrow  (veins)  beds;  which  afforded  small 
bunches  of  gold  between  Blarney^ s  and  Collinses  shafts 
at  the  fourteen  fathom  level,  but  yielded  mere  scattered 
particles  at  greater  depths.t 

The  Gongo  formation  includes  the  Principalj  Norths 
New  Norths  and  several  smaller,  (veins)  beds,  already 
described. 

The  New  North  (vein)  bed  crops  out  at  the  surface 
north  of  Walker's  shaft;  and — dipping  endlong  to- 
wards the  east — disappears  at  the  thirty-four  fathom 

level  near  Aveline's.^ 

The  North  (vein)  bed  has  no  existence  above  the 
fourteen ; — from  the  neighbourhood  of  Walker's  shaft 
at  that  kvelj  however,  it  declines  in  like  manner  to  the 
forty-one  east  of  Gibson* s ;  and  there  dies.§ 

lihe principal  (vein)  bed  contains  two  large  auriferous 
(shoots)  masses;  connected,  near  the  middle  of  tl)e 
mine,  by  a  barely  perceptible  rib  of  inferior  ore.|] 
The  smaller  or  western  shoot  was  successfully  wrought 
from  its  outcrop  on  the  mountain-side  west  of  Pengilly^s 

*  Hocheder,  Reports  of  the  Imperial  Brazilian  Mining  Aeeociaiion^  xt.  p.  74* 
Henwood,  Proceedinge  of  the  Hoyal  Geological  Society  of  Cornwall,  1848.  Table 
IX.  Note  ;. 


t  Ante,  p.  268 
t  M  p.  267 
^  >,  p.  266 
I     I,     p.  264 


Table  VIIL  column  6;  PL  IV.  Fig  Z, 
,t  columns  13 — 18. 

ti 


„        13—21. 

7-9  ;  PI.  IV,  Fig.  2. 
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shaft,  to  the  fourteen  fathom  level  east  of  DuvaFs; 
towards  the  twenty-one,  however,  it  became  small,  flat, 
poor,  and  unkindly.* 

The  larger  or  eastern  shoot  f  was  rich,  beyond  com- 
parison, from  the  surface:}:  to  a  depth  of  twenty-five 
fathoms ;  but  thence  to  about  thirty  it  declined.  At 
the  thirty-four  fathom  levelj  however,  it  was  once  more 
very  productive ;  and  about  the  forty-one  large  bunches 
ivere  still  frequent.  Towards  the  forty-eight  these  were 
both  smaller  and  less  numerous ;  whilst  at,  and  some- 
what below,  the  fifty-five,  thin  plates  and  dendritic, 
flakes  were  obtained.  Fromi  the  sixty-two  downward 
small  isolated  bits  occurred  at  distant  intervals;  and 
at  the  seventy  the  Jacotinga — already  dwindled  to  a 
narrow  seam — afibrded  but  a  few  widely-scattered  par- 
ticles of  gold.§ 

Notwithstanding  the  ores  were  so  soft  ||  that  the  hack 
of  one  (gallery)  level  was  in  some  measure  exhausted, 
before  the  shaft  had  reached  another;  ^  the  upper  (14, 

•AmU,  p.  263 ;  TabU  VIII.  columns  4—9;  PI.  IV.  Fig,  2. 
t    »     p.  264;  „  „        10—21;  „ 

t  A  tradition  still  lingers  in  the  neighbourhood  that  this  deposit  was  found 
during  examinations  prompted  by  the  discoyery  of  a  solid  water-worn  mass  of 
^oldy  which  weighed  thirteen  pounds,  embedded  in  gravel,  at  the  confluence  of 
the  Gongo  Soco  and  Socorro  waters,  near  Taboleiro. 
The  Imperial  Brasillan  Mining  Association  extracted  from  Ocngo  Soco  during 

the  first  day  they  worked 0*589  lbs.  of  gold; 

M      week        „  4*896,,        „ 

„      month      „ 83*662  „       „ 

»>      year         „ 672-670,,        „ 

BupwU^  I.  pp.  113, 115,  124, 125;  ii.  pp.  69—77;  ixi.  pp.  69—71. 

S  AfUe,  pp.  264, 280,  281.    ToMm,  VIIL  columns  10—21 ;  IX,  columns  2— 
46.    PI.  IV.  Fig.  2. 

I  AfUe,  p.  269. 

5  **  As  soon  as  the  shaft  is  sunk  a  sufficient  depth  *  *  *  a  level  is  commenced, 
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21, 27,  and  34  fathom)  leveb  were  not  entirely  gleaned 
when  the  mine  had  attained  (the  70)  its  greatest  depth. 
Of  the  quantities  obtained  from  the  several  (veins)  beds, 
at  different  levels,  in  the  same  times,  no  accounts 
remain.  As,  therefore,  our  only  available  data  assign 
to  the  deeper  parts  an  undue  value,*  we  have  no  means 
of  correction :  the  following  attempt  to  ascertain  the 
relative  proportions  in  which  gold  occurs  at  various 
depths  in  this  formation,  must  be  regarded  as  but  a 
rough  approximation. 

The  auriferous  Jacotvnga  was  wrought,  solely  by 
European  miners,  with  the  pick  aloncf 


Gold, 


Depth,  t 

ihu. 


7  to  21 
21  „  41 
41  „  55 


•  • 


•  • 


Average  annual  quantity  of, 
extracted  by  each  European. 
IbB.  (2Voy).§ 

20-871 


•  •  •  • 


•  •  •  • 


•  • 


•  •  • 


•  •  •  • 


•  •  •  • 


Proportion  of. 
.•    1- 

,.  0-790 
..  0-450 


19-496 
9-400 

As  little  gold  was  found  below  the  fifty-five  fathom 
level,  it  is  useless  to  extend  this  enquiry. 

"  which  proceedf  both  eastward  and  westward  on  the  lode.  *  *  *  As  the  work- 
'*  man  goes  forward,  another  is  employed  to  tiop9  or  dig  down  the  ore  above  the 
Inw/,  and  as  he  makes  progress,  a  third  follows  him  in  another  t<qpe;  *  *  * 
meantime  the  shaft  continues  to  be  sunk,  and  beoomes  deep  enough  for  other 
l«V0/«  before  the  ore  aboTe  the  first  is  exhausted." 

Cabkb,  Cornwall  Geol,  Drant,  ui.  p.  70. 

*  The  richest  hmehei  in  the  western  9koot  were  obtained  at  the  seven  fathom 
level  near  MorgofCe  and  DwaTe  shafts,  whilst  Veeey*»  was  being  sunk  below  the 
forty-eight.— Taife  IX,  columns  6,  9 ;  Antet  p.  279. 

t  Throughout  Oongo  the  wettest,  softest,  and  most  treacherous  part  of  the 
formation  accompanies  the  gold. 

Lyon,  Reports  of  the  Imperial  Brazilian  Mining  Aisociaiion,  viii.  p.  27> 
i  Table  IX.  column  2. 
§         ft        columns  3, 46. 
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From  an  early  part  of  the  last  century*  it  has 
been  believed,  by  Brazilian  miners,  that  the  shallower 
were  the  richer  parts  of  their  gold-formation ;  f  an 
opinion  which  deeper  and  more  extended  working,  as 
well  under  German  as  under  English  direction,  has 
not  contravened.^: 

(3 — 16.)  Touching  the  quality  of  the  gold  found 
at  different  depths,^— our  information  ||  relates  only  to 
that  obtained  from  1833  to  1844  between  the  forty-one 
and  the  seventy ;  but  to  the  produce  of  these  and  other 
levebf  at  earlier  and  later  periods,  it  has — unfortunately 
— ^no  reference. 

Qtt&lity  (toca)  of  Gold. 

Depths* 
fins. 


41  to  48. 
48  „  70. 


\ 

AotuaL  ComparatiTO. 


•   •        A»  A  \^      "X-^SJ       •    •    •   • 


•    •    •        A^\^  A        *    V  ^        •    •    • 


•    • 


•    • 


1- 

0*968 


carats,     grains. 

21     0-448 
20     1-774 

The  finer  gold,  therefore,  appears  in  the  upper  parts 
of  Gongo  Soco ;  but  in  the  lower  of  Motto  Velho?^ 
Whether  the  ores  were  wrought  between  the  forty- 
one  and  forty-eight,  or  the  forty-eight  and  seventy, 
they  were  mixed,  during  reduction,  with  much  the 
same  proportions  of  those  broken  at  the  same  time 
in  the  shallower  levels.**    But  whether  the  larger 


•  Von  Bschwege,  Pluto  BratUientis,  pp.  280—284. 

t  Sonthey,  History  of  Brasil,  ux.  pp.  66,  826.    Wakh,  NoOcm  of  Brazil,  n. 
p.  130. 
t  Ante,  pp.  179,  201—203,  230—235, 241,  284.  ' 
^  Table  IX.  column  47. 

I  PerdTal  Norton  Johnson,  Esq.,  F.B.S.,  F.G.S.,  &c.  MSS. 
5  Ante,  p.  205. 
••  Ante,  p.  283, 
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(nuggets)  lumps  differ,  in  (toca)  quality,  from  the 
smaller  grains  of  gold,  scattered  through  the  adjoining 
matrix,  is  unknown. 

(3 — 17.)  From  gold  extracted  at  different  depths, 
and  (dressed)  washed  at  the  mine,  the  undermentioned 
proportions  of  other  scarce  metals  were  afterwards 
separated.* 

Proportioni  of 

^  


Depths, 
fins. 

TTnrefliied 
Oold. 

Silver. 

FkUna. 

Palltdlam. 

Coppet.t 

41.. 
48.. 
55.. 
62.. 

1* 
1- 
1- 
1- 

0-058814 
0-054759 
0-047614 
0-044884 

0-001276 
0-000711 
0-000407 

0-038929 
0-041974 
0-042709 
0-048054 

0019444 

-t 

-t 
0-037413 

Mean*. 

1- 

0-052991 

0-000811 

0-042100 

0-025374 

M 


f* 


>l 


From  the  forty-one  fathom  level  downward,  therefore, 

the  proportion  of  SilTer  ....  duninlshed;** 

Platina^  ••        „         ,  and    ultimately  disappeared;-* hut 
PaUadinm  •  increased ;— and  so  did  * 

Copper. 

(4.)  In  several  parts  of  the  mine  cross-veins^  from 
one-eighth  to,  perhaps,  three-quarters  of  an  inch  widej 
bear  a  few  degrees  on  either  side  of  the  meridian.  Their 
range — whether  horizontal  or  vertical — ^rarely  exceeds 
a  fathom;    whilst  towards  their  circumferences  they 


^  Reports  of  the  Imperial  Brazilian  Mining  AjuoeiaHon,  zYi— xixx.,  Unansial 
Statements.     Table  IX,  columns  47 — 60. 

t  PerciTal  Norton  Johnson,  Esq.,  F.E.S.,  F.O.S.,  &c.,  MSS. 

X  Copper — less  Taluable— was  taken  less  care  of  than  the  rarer  metak. 

{  Seyeral  tons  of  Australian  tin-ore,— previously  freed  firom  all  trace  of  gold 
by  amalgamation,*— yielded,  on  repeated  analysis,  small  proportions  of  platina. 

John  Miohsll,  Esq.,  of  Calenicki  MSS. 
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clwindle,*~merge,  at  times,  in  congeDial  quartzose 
handa  of  the  ItabiriteX  {F^.25), — and  soon  disappear. 
Some  cross-ve'iTis  merely  sever,  whilst  others  dislocate, 
the  strata.  ProducUve  portions  of  the  Pnncipal  (vein) 
bed,  at  the  seven  fathom  level  near  WilHams's  shaft,;]: 
and  within  the  horse  at  the  forty-one  east  of  Gibson's,^ 
are  simply  intersected;  but,  at  an  intermediate  spot 
near  Iji/on's  shaft,||  several  thin  bands  are  displaced 
(.Fig.  25). 

Fig.  U.  aoNso  looo. 

DirioeaUJ  tirata  ruar  Lyon't  thaft. 
Iiongltodlnal  sect  ion. 


The  displacements — seldom  more  than  a  quarter  of 
an  inch  in  extent — are  largest  near  the  middle  of  the 
crots-vetju,  and  diminish  gradually  towards  their  ex- 
tremities, where  the  strata  maintain  an  undisturbed 
continuity.  In  all  cases,  however,  those  portions  of 
rock  which  form  the  (hanging-walls)  upper  sides, 
occupy  higher  relative  positions  than  their  counterparts 
in  the  (foot-walls)  lower  sides  of  the  croas-v^ns\ 

•  Hmvood,  ContcaU  Otol.  Tram.  i.  p.  881;  Antt,  p.  226. 

t  Am;  p.  248. 

t  TaUt  Tin.  wlBnm  12. 

\        ..  „        31. 

I        »  ,.        IS. 

1  Antt,  p.  226,  Note  |. 
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These — like  the  cross-veim  at  Agoa  Quente*^^ 
consist  chiefly  of  quartz ;  sometimes  mixed  with  iion- 
ore^  but  never  with  gold. 

The  mine — laid  open  by  shafts,  leveb^  and  winzes;\ 
-—was  drained  by  (draunngX  Bud  plunger'lifts^  lifting 
and  forcing  pumps ;  of  which  the  columns  were  iron- 
bound  wooden  pipes  made  on  the  spot ;  but — as  cast- 
iron  and  brass  were  not  manufactured  in  the  Province, 
and  the  roads  were  unsuited  to  wheeled  carriages — 
the  working-barrelsjX  clack-seatSj'J^^f  plunger-cases^^ 
stuffing-boxeSj  and  glans  §  were  imported  from  England 
in  pieces  of  about  (five  arrohas)  one  hundred  and 
sixty  pounds  each,||  and  taken  from  Rio  de  Janeiro  to 
the  mines  on  mules.    Gudgeons,  cranks,  strapping'' 

•  Ant€t  p.  248. 

t  Came,  CcmwoU  OeoL  TVoim.,  zn.  p.  70.  Taylor,  PkiL  Mag.  t  <^MUilit  ^n* 
p.  28i;,  Henwood,  Qvariwly  Mining  IUvi$w,  z.  (1830)  p.  405 ;  ComwaU  0§oL 
Dram.  t.  PL  I.  Fig,  0— /F.  Fig.  2.  Burr,  Praetical  0§ologg,  p.  285,  PI.  8, 4* 
Pmmg  Cgelcpmdia,xr.  p.  288.  DalaBeche,  Report  on  1A»  Qtologg of  ComtoaO, 
I>6ffon,  and  Wut  Somenet,  p.  556,  PI  7, 8, 9.  Combes,  TraU4  de  rJ&ophHaiion 
dot  MinM,  xz.  p.  152,  PI.  XX.  Fig.  2.  Bneyekpadia  BriiamUea,  8  Bdition,  XT. 
p.  224,  Fig.  8.    Ante,  p.  145,  Note  | ;  PL  IF.  Fig.  2, 3. 

t  Taylor,  Reeordt  of  Mining,  i.  pp.  129, 130,  PL  XIU.  XIV.  Fig.  I.  Qhot- 
Urig  Mining  Seview,  n.  pp.  807,  308,  PL  XIII.  XIV.  Fig.  1.  AumaXee  dee 
Minee,  3me  S^rie,  z.  p.  218.  Combes,  Annaiee  dee  Minee,  8me  S6rie,  T.  p.  610, 
PL  XI.  Fig.  II.  TraUi  de  VExphiiaUm  dee  Minee,  zn.  pp.  847—850,  PL  LIIL 
Fig.  16,  Henwood.  Traneactione  of  the  IneUiMi4m  of  Cvril  Sngineere,  u.  p.  57; 
London  ^  Edinburgh  PhiL  Mag.  in.  p.  488. 

{  Came,  ComwsU  Geol.  TVane.  zzi.  p.  59.  Taylor,  lUeorde  qf  Mining,  z.  pp. 
129, 184,  PL  XIII.  XIV.  Fig.  2,— XF.  Fig.  1, 2, 3.  Quarterlg  Mining  Review, 
It.  pp.  806,  312.  Annaiee  dee  Minee,  3me  S^rie,  z.  p.  222.  Combes,  Annaiee 
dee  Minee,  3me  S^rie,  v.  p.  609,  PL  XI.  Fig,  10 ;  TraiU  de  rSephitoHon  dee 
Minee,  m.  pp.  359—362,  PL  LIV.  Fig.  I.  Henwood,  3Vwi««  hutiivtion  of 
Civil  Engineere,  u.  p.  57 ;  London  Sg  Edinhwgh  Phil.  Mag.  xzy.  p.  488. 

I  In  one  Snstanee  an  English  fonnder's  inattention  to  this  requisite  limitation, 
oansed  the  extra  expense  of  land-carriage  to  exceed  the  first-cost  of  his  goods. 
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plateSf  and  stamp'keads,  of  wrought*iron,  are  made  in 
the  neighbourhood.* 

From  1st  January,  1826,  to  3  Ist  December,  1856, 
the  Imperial  Brazilian  Mining  Association 

Beceived^ 

Capital  from  shtreholden,  at  the  oommenoement £200,000 

9,  H  ,  subsequentlT   29,874 

£229,874 

Sondriet •• ••••»•  £       226 

„       Proceedfl  of  unallotted  and  relinquished  shares.         1,906 

ff       Fees  on  transfer  of  shares  ••••• 8,812 

„       Interest ••••• •        34,404 

40,847 

Gold-dust  sold,  proceeds  of ••••••••••••  £1,118,196 

„        paid  Brazilian  GoTemment  for 

ProTindal  Duty,  value  of £288,738 

„  Export  DtttT,  „        ••••••       20,141 

308,870    1,427,074 

£1,697,296 

Purchase  of  Estates,  Mine,  SlaTes,t  &c ••••••  £100,808 

„  Machinerj,  tools,  cattle,  food,  &c. £451,995 

Salaries  and  wages • 432,942 

884,987 

Sundries    •••••    £       622 

Lose  on  unallotted  and  relinquished  shares •  796 

„   bT  failure  of  Bankers 1,889 

8i207 

Bratiliaa  GoTemment,  in  gold  dust  and  in  money,  for 

FroYincial  Duty..     £310,777 

„  „  Export        „    ••         22,403 

— — —     333,180 

Expenditure  at  Gongo  Soeo £1,322,182 

Expended  in  other  mines    £25,649 

Balance,  cash  on  hand • 764 

■  26,413 

Profit  to  the  shareholders 348,760 

£1.697,296 


•  Ante,  p.  210.  t  Table  /X,  columns  62— 73, 

}  (a).  Of  the  slaTca  bought,  with  the  mine  and  estate  of  Gonpo  SeeQ  by  the 
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The  SerrcLj  known  by  different  names,  in  varioas 


Imperial  Bruflxui  Mining  AModatioa,  of  tlie  C«piU5  H^  JoaA  BaptiiU  Fer- 
reira  de  Sooaa  Coutinho*  we  haf e  no  reeord ;  but,  with  U&om  afterwardipiirehftud 
of  native  iiradtr$t  and  diildren  bom  In  the  mean  time,  they  numbered  In 

ChUdren'B 


Tean 


Adults  bought 


1829 

1881 
1832 
1833 
1884 

»• 

1835 

1836 
1837 
1838 
1839 
1840 

1848 

1849 

If 


229 

197 
195 
191 
182 
8 
177 
177 
174 
174 
172 
167 

133 

129 

8 


1 


118 

130 
130 
128 
119 
8 
117 
116 
116 
116 
115 
113 

97 

94 

3 


347 

327 
325 
319 
301 
11 
294 
293 
290 
290 
287 
280 

230 

223 

6 


Children 


I 


I 


a 

e 


49 


65 


62 
64 
65 


78 


53 
59 
63 


70 


79 


86 
96 
2 
106 
113 
115 
123 
128 
135 

146 
148 


I 


children 


I 


§> 


Adults  hired 


8 
I 


TMato 


5 
o 
H 


Received  their  freedom  ... 


I 


*^^ 

— 

**■* 

— 

^^" 

— 

mm,m 

.... 

50 

10 

60 

-^ 

m^ 

9 

— 

.^ 

_ 

4 

8 

12 

— 

— 

— 

4 

3 

7 

S0C4 
>< 

iMdft 

1*. 

■•■•J 

S9« 

892 
401 
405 
39T| 
13) 
400 
406 
405 
413 
415 
475 


(6).  Much  to  their  own  Batiafaction — the  black  population  occupied  (th 
QuinidlJ  a  separate  ▼illage ;  situate  on  an  eminence  south  of  the  high  road  from 
Sa5  Joa8  to  Caeth6,  about  midway  between  the  European  establishment  and  tbt 
mine. 

The  irregularly  grouped  cottages  consist — like  those  of  the  BrasUian  peasantry 
— of  a  wooden  frame-work,  wattled  with  (eipSe)  tough  climbing  plants  and  laths 
of  (taguAra)  bamboo,  thickly  plastered  with  clay,  and  heayily  thatched  with 
feapim  sapi)  coarse  reedy  grass.  Those  inhabited  by  families  contain  several 
apartments;  but  childless  couples  and  single  people  seldom  cared  to  haye  more 
than  one  room ;  girls  of  marriageable  age,  howeTer^  slept — under  care  of  a 
Brasilian  matron — in  quarters  specially  proTided  for  them.  As  the  old  and 
scattered  cottages  fell  into  decay,  rows  of  larger,  higher,  and  more  commodioas 
tile-roofed  houses  were  built  in  their  stead ;  but  the  inhabitants,— objecting  to 
be  overlooked  by  their  neighbours,  and  missing  the  snugness  of  their  ancient 
huts,— generally  disliked  the  change. 
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parts  of  its  range  from  east  to  west,  between  Cocaes 


In  the  momingfl  and  erenings  those  who  were  fond  of  gardening  cultlrated 
little  plots  of  bananas,  mandiocca,  sweet-potatoes,  sagar-cane,  red  pepper,  cab* 
bages,  and  other  Tegetables ;  whilst  the  more  industrious  and  respectable  people 
also  planted  small  (rossoij  paddocks  of  Indian  com,  CfiifadJ  beans,  and  pump- 
kins. These  they  either  sold,  amongst  themselves,  to  the  European  miners,  and 
to  the  Company ;  or  used,  with  their  surplus  food,  for  fattening  the  pigs  and 
poultry  which  they  kept  in  great  numbers  and  sold  at  high  prices. 

From  1844  to  1849  the  Qmntdl  was  periodically  inspected,  and  prices  were 
awarded  to  owners  of  the  cleanest  houses,  best  kept  gardens,  and  finest  pigs. 
The  sums — ranging  from  (one  pataca)  about  nine  pence  to  (two  miireisj  four 
•hillings  and  sixpence  each — it  is  true,  were  but  small ;  yet  they  excited  much 
emulation,  and  were  received  with  exceeding  pleasure. 

Water  for  washing  and  for  irrigation  flowed  through  the  village  f^om  a  neigh- 
bonring  pond,  in  which  the  men  and  boys  used  frequently  to  swim ;  but  a  beauti- 
ful spring,  near  the  mine-^ate,  supplied  drinldng-water,  and  filled  the  children's 
baths. 

(c)  The  following  abstracts  of  accounts  kept  at  the  mine  show  as  well  the 
kinds  of  clothing,  as  the  longest,  shortest,  and  average  intervals  at  which  similar 
^tioles  were  issued. 


Men. 

1 

rVotnen. 

Intervalt  (montln); 

Interval!  (month*)  $ 

ArtldMi             LongMt.  Shortett.  Average. 

Artielst.             Longwt.  Bhortett.  Average. 

Cloth  jackets.. ..  35* 

17- 

26' 

Printed-cotton 

„     trousers  ,•  23* 

14* 

20' 

dresses....   12* 

9* 

U* 

Flannel  shirts   ••  23* 

10* 

15* 

„  handkerchiefs  12* 

7* 

10* 

Duck  shirts    ••••  70' 

17- 

40- 

Cloth  dresses    . .  45* 

24* 

33* 

„    trousers    ••  70* 

14. 

45* 

„      petticoats.  19. 

13* 

17* 

Cotton  shirts....     8* 

3* 

5*4 

„      wrappers  •  48* 

34* 

43*5 

„      trousers ..     8' 

8- 

5-4 

Flannel  shifts  ..  46* 

9-3 

26*6 

„jacketa(Mine)70* 

35* 

52- 

Cotton     „      ..     7*5 

4*7 

6-8 

„  trousers    „      35* 

28* 

27- 

„        skirts   ..     8* 

3*5 

6* 

„  shirts       „      70- 

23- 

39* 

Hats — 

— 

24* 

MP  A 

Caps,  woollen    • .  23' 

17- 

22- 

Capes,  varnished 
cloth 102* 

90* 

95- 

Hats,  leather  ...  70* 

17- 

52' 

Coverlids 24* 

12* 

20* 

Capes,  varnished 

cloth 70' 

17* 

47- 

Coverlids    65* 

17* 

87- 

All  linen  and  woollen  goods  were  imported  direct  from  England;  but  every- 
thing else  was  of  Brazilian  manufacture. 

The  orderly  and  neatly-dressed  people  made  their  clothing  last  much  longer 
than  the  dissolute  and  careless,  who  were  sometimes  in  rags. 
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and  Tijuco,  rises  from  five  to  eight  hundred  feet  above 

(d.)  Acooimts  careftJIy  kept  during  long  periods  show  tho  Batioiu  of  eaek 

indiTidttal  to  have  averagedy^ 

Freahbeef   2*88  lbs.  ^ilvoiirvfcfpoiff^  per  week] 

Bacon  ftoifcMoJ    •••••• •••••••  0*61    „  „  n 

Indian  com  flour  ^[/uM J   6*95   „  „  n 

BeukM  (f^iiadj  .-.  8-79   „  „  „ 

Prepared  mandiooca  flour  (foirinka)^  on 

Sundays   O'iO    »>  »»  »       t 

Cofllee  (sweetened  with  rc^padwra)   • .  •  •  1*60  pint  per  day ; 

Bum  f  re#<{8b J  per  man 0*60  gill       »,     ; 

The  beef  was  boiled  with  greens  and  red  pepper,  to  which  rice  was  occasionsUy 
added ; — the  beans  and  bacon  were  dressed  together ;  and  the  Indian-corn  flour 
was  made  into  hasty-pudding  (angak)  ;  prepared  mandiocca  flour  ^though  some* 
times  eaten  alone — is  generally  mixed  with  beans  and  bacon. 

On  Sundays  some  of  the  women  also  receiyed  a  glass  of  spirits  each ;  but  msny 
people  of  both  sexes  abstained  hom  intoxicating  drink;  receiving  instead,  per- 
haps rather  more  than,  its  value  in  money. 

Each  person  receiyed  0*46 lb.  (Avmrtk^i)  of  soap  per  week;  and  small 
quantities  of  tobacco  were  occasionally  distributed  to  those  who  smoked. 

(e.)  Beside  lodging,  raiment,  and  food,  erery  one  received  wages ;  which— 
regulated  as  well  by  the  occupationi  as  by  the  skill  and  industry  of  the  labourer, 

laiiisd  amoBfit  women,  J  *«» ^        to  Uli*  ....  and  at«a««14d.  X^mtk 

\     „  (80  nit)  „  (500  rib)...,  »  (IMrwif)   S    cask. 

n         M        men,      5     »»  *i^       »»  ***  'i*^  ••••         •»  ^^^        \ 

\     „(liOri*i)  „(l,«20  r«it)..  „  (»7iriiJ)   J      " 

Infiints  received  a  half-penny,  and  children  of  two  or  three  years  &  pcuj 
a  piece,  which  was,  of  course,  spent  in  fruit  and  sweets. 

On  account  of  their  exemplary  conduct  thirty-eight  men  and  twenty-two  womsn 
received  their  rations  uncooked  and  their  wages  in  money;  all  the  others  were 
paid  in  tokentt  current  only  amongst  themselves  and  at  a  (venda)  shop  in  ths 
village;  but  people  of  good  character  frequently  exchanged  their  tokenM  ta  essh 
at  the  office. 

The  village  shopkeeper  fdmished,  weekly,  a  list  of  his  retail  prices;  which 
were  always  compared  with,  and  sometimes  checked  by,  current  wholesale  rates. 
Now  and  then,  however  his  supplies  were  insufficient,  and  sometimes  their 
quality  was  inferior ;  on  such  occasions  the  people— never  slow  to  complsin-' 
had  recourse  to  other  shops  in  the  neighbourhood.  Except  that  no  one  was 
allowed  to  buy  more  than  half  a  gill  of  wine  or  spirits  per  day,  the  slaves  en- 
joyed uncontrolled  disposal  of  their  wages.  The  shopkeeper's  accounts  showed 
how  they  were  expended;  vis.-^ 

on  Qroeeries •  •  •  0*710 

Fruit  and  Vegetables. .  •  • 0*040 

Wine  and  Spirits    0*146 

Drapery 0*106 

1000 
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the  adjoining  country.    On  the  north  rough  declivities 

As  well  to  enoounge  habits  of  economy  as  to  protect  the  prudent  fromheing 
plundered,  as  sometimes  they  were,  the  Association  permitted  a  Scmng»  Sank  to 
be  established ;  where  all  inyestments  bore  interest  at  the  rate  of  fire  per  cent., 
mad  were  repaid  on  demand.  The  depositors  slowly  bat  regularly  increasing-^ 
numbered  at  last  about  a  score ;  and  their  indiTidual  sayings  ranged,  from  a  few 
shillings,  to  more  than  five  pounds.  On  retirement  of  the  promoter,  howcTer, 
the  people— -fearing  that  a  knowledge  of  their  circumstances  might  lead  his 
anocessor,  a  stranger,  to  curtail  their  little  priTileges— withdrew  their  money. 

(/.)  As  the  men  had  been  trained  to  work  underground  many  were  handy  with 
the  shoTsl ;  but— inasmuch  as  skilled  labour  was,  for  the  most  part,  performed 
by  Europeans— the  slares  were  neither  apt  at  using  the  piekf  nor  eiq^ert  at 
CUmbminff)  propping  and  securing  the  shafts  and  drifts  of  the  mine«  Sererali 
howerer,  were  more  usefiil  as  charooal-bumers,  oar-driTers,  and  muleteers,  than 
M  miners ;  and  many,  taught  by  English  artisans^became  dcTer  masons,  smiths* 
and  carpenters. 

Of  the  boys  a  few  were  brought  up  as  miners ;  seyeral  worked  on  tho  him  and 
in  the  stables ;  many— eager  for  instruction— were  skilfal  artifleers ;  and  one— 
an  assistant  in  the  hospital  for  seyeral  year*— frequently  operated,  and  adminis- 
tered simples,  with  great  success. 

The  women  filled  and  drore  the  ore-carts,  assisted  at  the  Stamp$t  reaped  grass, 
-waahedy  and  cooked,  by  tumi.  A  few,  of  the  handiest  and  most  trustworthy, 
eleaned  the  goId«  Those  who  had  unweaned  children  were  employed  on  sheltered 
work,  which  suffered  no  prejudice  from  occasional  interruption: 

The  older  girls  worked,  generally,  with  the  women;  whilst  the  youngei^— 
superintended  by  a  Brasilian  matron— cleaned,  spun,  and  woye  cotton,  and 
made  and  mended  the  clothing.  The  children  either  watched  and  assisted  tha 
girb  at  their  labour,  or  amused  themselyes  in  an  adjoining  playground. 

The  aged  and  feeble  of  both  sexes  cultiyated  a  spacious  garden,  whence  the 
jniblio  kitchen  was  supplied;  whilst  a  few,  altogether  past  work,  either  waited 
on  the  cooks,  or  betook  themselyes  to  the  hospital. 

Freemen  and  slayes,  whateyer  their  ooeupations,  had  the  same  periods  of 
labour;  yis.— 

Miners..  ••• • •• 8  hours  per  day; 

StoaifM-men  and wAtM^-driyers ••• 12    „  „ 

Artificers,  women,  and  all  others  at  the  surface,  from 

7ajn.to6pjn • • 10    „  „      ,1 

except  on  Saturdays,  when  they  left  work  at  2  p.m.  ) 

For  breakfast  and  dinner  interyals  of  half  an  hour  each  were  allowed. 

In  the  eyenings  young  people  danced  in  the  open  air  to  their  own  songs;  their 
alders  either  looked  on  and  smoked,  attended  to  their  household  duties,  or  worked 
in  their  (rouatj  fields  and  gardens ;  but  at  eight  o'doek  the  yUlage  (vmia) 
shop  was  shut,  and  a  bell  summoned  all  to  their  homes, 

(^•)  As  so  many  of  the  people  had  grown  up  before  they  were  kidnapped  In 
Aflrica,  and  the  rest  were  their  children,  it  is  scarcely  surprising  that  the  laws 
and  usages  which  regulate  dyilised  life  were  frequently  transgressed.    The 
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alternate  with  steep  escarpments;    but  towards  the 


offences, of  coarse,  differed  in  degree;  but,  unfortunately,  some  required  chas- 
tisement. ThiSyhoweyer,  was  never  inflicted  ontil  gnilt  had  been  clearlj  proTed, 
not  only  by  confronting  the  accused  with  his  accuser,  but  by  the  testimony  of 
other  persons,  summoned  on  both  sides,  who  were  examined  before  the  Chief 
Commissioner!  one — at  least — of  his  clerks,  and  a  Brasilian  (Jtnz  de  Paz) 
magistrate. 
A  record  of  convictions  firom  1886  to  1843,  shows  the  annual  ayerage  to  have 

been. —  Mm,         Wcmmu 

Attempts  to  murder....  • 0*2....     — 

Fire-raising    0*8  ^••.     0*1 

Housebreaking 0-6  ••••     0*1 

Theft 16*5  ....     2*7 

Drunkenness 35*0  •  • .  •  10*3 

Rioting 6-0  ....     4*0 

Adultery     «• 8*1  ••••     9*4a 

Ajsaulu • •  10*0  ....     6*8 

Disobedience,  and  neglect  of  labour 17*0  .  •  •  •    6*0 

Sundry  smaller  offencet  20*0  ••••  18*0 


111*66  64'9i 

166*5 
Attempts  to  murder,  fire-raising,  andhouse-bresking,  were  generally  punished 
by  flogging; — theft,  drunkenness,  rioting,  and  adultery,  by  ferula; — assaultt, 
pilfering,  and  neglect  of  labour,  by  imprisonment;  and  smaller  offenoee,  by 
trifling  fines:  aggravating  and  extenuating  circumstances, however,  were  always 
taken  into  account. 

The  punishments  inflicted,  during  the  same  period,  averaged  annually— 
Flogging,        FinOa.     ImfffUomikmUu      FUm  IMolr. 

Men  .•••     1* 41' 43- 36* 121*6 

Women..   — 81*  24' 8* 68*6 

1*  .•••■•  72*  •«••••  67*  ••..••  44*  •••••■   184*6 

The  floggings  •• ranged  l^om  10  to  36  lashes; 

»»    fsrula    „  2„12blows; 

„'    imprisonments     :.  „  i„    7nights; 

but  for  aggravated  crimes  . .  „  7  „  28      „     ; 

„    fines (apennytoninepence, 

"  "  e(*0mf)„(820m») 

The  surgeon  was  present  at  floggings  only ;  the  Magistrate  and  the  Com- 
missioner witnessed  every  punishment 

The  first  two  or  three  months  after  a  flogging  passed  almost  without  crime ; 
by  degrees,  however,  offences  became  greater  and  more  frequent ;  until — ^in  per- 
haps twelve  or  eighteen  months — some  enormity  compelled  an  unwilling  reoourse 
to  the  lash. 

a  With  Enropesas  sod  Brsslllans,  as  w«11  si  with  their  own  eottntrymett. 
b  Fine  and  Imprlionment  were  tome  timet  Inflicted  for  the  same  crime. 
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soath  gentle  slopes,  deeply  scored  by  narrow  glens. 


The  following  oolamii8**eomptted  from  Moounts  already  mentioned'— eliow 
that  the  people,  generally,  transgressed  but  seldom ;  whilst  the  repeated  offeneet 

of  a  few  hardened  delinquents  made  np  the  mass  of  crime. 

Proportion  of  the  sntize 
PeisoDs  poDiibod.  popvlatton: 

Jtfim.       Wcmmu 

More  than  thirteen  timee  each  •••• •••••••••  0*088  ..  0-003 

„         six               „          y  but  less  than  thirteen    ••  0*088  ••  0*046 

y,        three             ^         ,          „           six    0*166  ••  0*062 

niiice     0*098  ..  0*037 

Twice 0060  ..  O-IOI 

Onee  0*081  ••  0*096 

0-626        0*335 
Persons  never  pnnbhed    .•...••....•••    0*062  ••  0^77 


0*688        0*412 

V 

1* 


^ r ' 


(A.)  Two  or  three  hundred  yards  east  of  the  Tillage  a  spacious  hospital- 
bounded  on  three  sides  by  an  airy  court^yard,  and  on  the  fourth  by  a  beautiful 
garden— aflbrded,  in  several  laige  and  weU-Tontilated  wardS|  separate,  though 
similar,  accommodation  for  patients  of  all  classes. 

The  English  surgeon,  who  superintended  it,  was  aided  in  his  professional 
labours  by  an  experienced,  keen-witted,  Creole  (/) ;  and  in  housekeeping,  by  a 
resident  Braailian  matron,  to  whom,  also,  the  cooks,  nurses,  and  other  attendants 
were  snbjeet. 

Servants  of  the  Company,  in  any  stage  of  disease,  were  received  during  the 
day;  but  those  only  who  needed  immediate  treatment  were  admitted  at  night. 

The  in-patients, —« who  ranged  from  eight  to  nineteen  and  averaged  above 
iUteen,— were  allowed  4*46  lbs.  of  fresh  meat  per  week  each,  beside  the  ordinar/' 
rations  of  meal,  bacon,  beans,  mandiocca  flour,  rice,  and  coffee  (<f ) ;  but,  at  tha 
Surgeon's  discretion,  fowls,  eggs,  bread,  butter,  tea,  milk,  arrowroot,  wine,  &Ct, 
were  partially,  or  altogether,  substituted. 

(••)  At  an  early  period  of  the  Company's  existence  a  church  was  built,  and  a 
paid,  resident,  chaplain  was  appointed. 

On  ordinary  week-days  Mass  was  rather  slightly  attended;  but  on  Sundayi 
and  high  festivals  crowded  congregations  of  slaves,  indiscriminately  mixed  with 
free  labourers,  and  the  families  of  neighbouring  farmers,  not  only  filled  the  con* 
seerated  place,  but  knelt,  outside  it,  on  the  ground*  Habitually,  also,  many 
confessed  during  Lent,  and  received  the  Holy  Eucharist  at  Easter* 

0'.)  ^  1846  the  chaplain,  who  was  also  the  village  schoolmaster,  readily  under- 
took to  teach  the  children  of  the  Company's  people;  and  great  pleasure,  but  no 
■uprise,  was  felt,  throughout  the  establishment,  at  finding  their  proficiency,  in 
reading,  writing,  and  arithmetic,  fully  equalled  that  of  their  free  schoolfellows. 

TT 
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impress  the  scenery  with  a  character  singalarly  di- 
versified and  romantic. 

Great  part  of  this  tract  is  covered  with  an  evergreen 
forest,  which,  in  season,  glows  with  purple  blossoms ; 
and  a  luxuriant  undergrowth  is  intertwined  with  climb- 
ing plants,  of  many  kinds,  which  also  bear  flowers  of 
rare  beauty. 

Immediately  south  of  the  Serra  broad  undulating 
pastures  (campos)  extend  to  the  river  of  Socorro. 

The  Jlara  nnd  fauna  of  Chngo  Soco  and  its  depen- 
dencies are  very  rich ;  but  to  them  our  enquiry  does 
not  extend. 

About  half-a-mile  east  of  the  mine,  -several  pleasant 
villas  and  many  neat  cottages -inhabited  by  the  English 
officers  and  workmen  -were  irregularly  clustered  round 
a  picturesque  little  church ;  the  spire  of  which — ^rising 
above  a  grove  of  palms  and  other  evergreens — is  still  a 

To  an' experiment  of  so  noyel,  and — ms  they  thought — so  questionable  a  charac- 
ter, many  native  slaTe-owners  offered  Tiolent  opposition  :  not  that  they  objected 
to  intercourse  between  young  people  of  different  conditions,  for  this  preniled 
ererywhere ;  but  because  they  belieyed  education  incompatible  with  slavery.  It 
was  soon  eyident,  howerer,  that  instruction  had  not  unfitted  the  people  for  labour, 
and  that  the  aptest  scholars  were  often  the  best  and  most  orderly  workmen. 

But  in  less  than  four  years  every  measure  which  experience  had  devised 
(Lyon,  Skerrett,  Duval,  Morgan,  Crickitt,  &  Henwood,  Beportt  of  the  Imperial 
BranUan  Mining  Attooiaiianf  yiu.  p.  16 ;  xt.  p.  8 ;  xyn.  pp.  17>  42;  xxn.  p. 
33;  XXY.  p.  18;  xxTin.p.l9;  xxx.  pp.  39,  107—110;  xxxin.p.2;  xxxTm. 
p.  6 ;  XL.  p.  13 ;  xLi.  p.  11 ;  xlxii.  p.  8 ;  xlt.  p.  13.)>  for  improving  the  physical 
and  moral  condition  of  the  slaves,  was  abolished  without  enquiry  or  scruple  by 
parties  newly  employed  to  superintend  the  mines. 

In  1867  the  estates  and  people  were  sold. 

This  account  of  the  manner  in  which  slaves  were  treated  at  Oimjfo  Soeo,  is  not 
offered  as  an  apology  for  iUfery. 
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characteristic  object  in  the  landscape.*  The  pretty 
pleasure-grounds  and  trim  gardens,  —  wherein  fruit- 
trees  were  interspersed  with  flowering  shrubs,  and 
European  with  tropical  vegetables, — the  busy  shop, 
the  well-attended  school,  and — above  all — the  clean, 
well  dressed,  and  respectable  population;  gave  the 
beautiful  little  village  an  air  of  life,  order,  and  comfort, 
of  which  the  Province  afforded  no  other  example.* 

(VL)  (a.)  The  soft  talcose  iron-slate  already  de- 
8cribed,f  is  succeeded  by  a  foliated  rock,  which — 
conforming  to  the  strata  beneath;}: — dips  towards  the 
south. 

The  lower  portions — composed  chiefly  of  reddish- 
brown  talc  largely  mixed  with  granular  quartz — ^are, 
at  intervals,  conformably  interlaid  by  short,  thin, 
lenticular  masses  of  iron-glance  and  hyflrous  iron-ore,§ 
which  have  been  carefully  examined,  but  without 
success. 

In  the  upper  and  more  quartzose  part  of  the  series, 
a  broad  band  of  crystalline  magnesian   limestone  || 

*  "  The  situation  of  Qonffo  Soeo  adds  much  to  its  beauty,  being  a  narrow  yaUey, 
**  bounded  on  the  north  by  the  high  wooded  Serra,  that  runs  westward  from 
*'  Cocaes,  and  by  a  lower  undulating  grassy  elevation  on  the  south ;  with  the 
*'  exception  of  the  large  house  occupied  by  the  Chief  Commissioner,  the  others 
**  ^-in  which  the  officers,  and  European  miners  reside — are  all  of  one  story, 
*'  arranged  in  streets,  isolated,  and  in  the  English  cottage  style,  adorned  in  front 
**  with  flower-beds,  and  not  imfrequently  with  palms  and  other  tropical  trees. 
'*  Near  the  centre  of  the  Tillage,  stands  a  small  but  elegant  church,  for  the  use 
"  of  the  Brasilian  workmen  and  slaves,  employed  by  the  Company." 

Ga&onbb,  Draveit  in  BragU,  p.  491. 

t  Ant€,  p.  257.        X  Ihid,  pp.  178,  183,  248,  259. 

§  Tregoning,  Harris,  Collins,  Bray,  Blamey,  and  Pengilly,  Reports  of  ihs 
Imperial  BroMiKan  Mining  Auociation,  xz.  p.  71;  xxi.  pp.  78,  93;  xxii.  pp. 

114,  118;  zxiY.  pp.  53,  56;  xxv,  p.  69. 
I  **  Very  Tariable  quantities  of  the  accompanying  rock  are  interposed  amongst 
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(Dohmite)f — the  only  one  of  the  kind  reoogniaed 
ivithin  many  miles, — is  largely  quarried  and  burnt 
for  use. 

(b.)  Alternate  layers  of  iron-glance  and  of  quartz 
(Itabirite)  form  great  part  of  the  Serra  da  Piedade  * 
near  Gaetbe,  and  in  some  measure  conform  to  its  con- 
tour; but  here  and  there  the  ore  occurs  in  small 
lenticular  beds,  which  —when  mixed  with  earthy  man* 
ganese  and  talc — sometimes  afford  traces  of  gold.t 

At  Descoberta  the  iron-formation  is  overlaid  by 
talcose  clay-slate ;  thick-lamellar,  sodt,  and  of  brick-red 
mottled  with  white  in  some  places ;  but  fissile^  hard, 
and  pale  buff  coloured  in  others.  Its  laminae, — ^like 
those  of  the  rock  beneath, — exhibit  occasional  contor- 
tions; but  range,  on  an  average,  10*-20*  E.  of  N. — 
W.  of  S.,  and  dip  60*-70*  £.  The  principal  joints 
sometimes  bear  a  few  degrees  E.  of  N.  and  W.  of  S. ; 
but,  on  the  whole,  they  are  nearly  meridional. 

At  short  but  unequal  intervals,  reniform  and  lenticu- 
lar masses  of  granular  quartz  either  interlaminate  the 

"  the  odcareovf  portion!  *  *  *   A  fpcoimea  free  from  adniztiire  oontained 

"Carbonate  of  lime 29*7  per  oent. 

<' Carbonate  of  magnesia 85*6       ^ 

«<SiUea 0-6      „ 

^Alumina •..•••     02      „ 

<«  Protoxide  of  iron 8*2      „ 

09-2." 

TaslLDJly,  Btparti  of  ths  Imperial  BranUan  Mming  Asiociaiion,  t.  pp.  00, 02. 

^  "J>taiBl9k  Serra  da  Piedade  *  *  *  la  masse  d'iubirite  eet  puissante  de  plni 
"  de  1,000  pieds."— TOM  EaCHWXOB,  AsmcUes  dee  JftfMt,  tux.  p.  419. 

ton  Bpiz  und  yon  Hartius,  Beise  in  Braaiiient  u  p.  896 ;  n.  pp.  422, 466. 
de  Saint  Hilaire,  Voyoffe  dana  VlnUrieur  du  BrdiH,  I.  p.  187.  Gardner,  Zhnwft 
in  Brazil,  pp.  500^602.    Ante,  p.  169. 

t  Henwood,  Cmwall  QeoL  Trone.,  yi.  p.  294. 
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date,  or  conform  to  its  joints ;  but-^unlike  the  larger 
bodies  at  Morro  Velho*  —  no  single  mass  interlies 
both.  The  shallower  layers  and  vein-like  hunches 
sometimes  touch  at  their  edges ;  but  even  at  a  depth 
of  twelve  fathoms^  both  their  sizes  and  numbers  have 
already  diminished.  Few  of  them,  however,  exceed  a 
fathom  in  length,  or  six  inches  in  width;  and  generally, 
they  are  much  smaller.  The  quartz  is  milk-white  in 
the  harder  and  paler  slates ;  but  it  is  deeply  tinged 
with  earthy  brown  iron-ore  in  the  softer  and  darker- 
coloured  strata.t 

Although  no  member  of  the  talcose  series  is  abso- 
lutely barren,  the  white  quartz  and  the  ( Country ) 
schistose  rocks  afford  mere  traces  of  gold ;  many  small 
beds  of  (gossan)  quartz  and  earthy  iron-ore,  however, 
are  very  rich.f 

Notwithstanding  a  slight  admixture  of  tellurium, 
the  gold  is  of  excellent  quality*! 

Sub-angular  blocks  of  iron-glance,  cemented  by 
earthy  brown  iron-ore  {CangaX\  overlie  the  talcose 
formation. 

Operations  are  carried  on  in  the  same  rude  and 
thriftless  way  as  at  Itabira  §  and  Pitangui ;  \\  but  the 
mine  is  wrought  only  at  intervals,  when  the  proprietor 
— a  wealthy  land-owner —  has  no  field-work  for  his 
slaves. 

(c.)  The  iron-formation,  which — ranging  some  10* 

*AtUe,  pp.  187,  206,  207,  Table  VI. 

t  H«nwood,  Comtpatt  GeoL  Trans,,  yi.  p.  296. 

X  AnU,  pp.  216,  236,  247,  248.     {  md,  p.  218.    |  IM,  p.  224. 
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W.  of  N.— E.  of  S.,  and  dipping  40*-65'  E^»— has 
long  been  extensively  wrought  between  Boa  Vista  and 
Durao-^f  in  the  lower  slopes  of  the  Gara^a,  is  succeeded 
by  rocks  of  which  quartz  and  talc  are  chief  ingredients. 
Amongst  these,  coarse-grained  reddish-brown  and  pale 
buff  coloured  quartzose  talc-slates-scaroely  distinguish- 
able from  the  auriferous  beds  wrought  in  a  lower  part 
of  the  series  at  Santa  Rita  % — are  largely  developed. 
Bands  of  fine-grained  greyish-white  quartz-rock,  often 
thinly  sprinkled  with  talc,  interlie  the  talc-slate  at  un- 
equal intervals ;  but,  after  comparatively  short  courses, 
they  gradually  become  thinner,  and  ultimately  dis- 
appear. Higher  portions  of  the  talc-slate  series, 
however,  alternate  with  broad,  slightly  foliated  beds, 
composed  in  great  measure  of  indurated  talc,  mixed 
generally  with  red  and  brown  earthy  iron-ore,  and  less 
frequently  with  granular  quartz.  Near  Cattas  Altas 
some  of  these — mottled  with  pearl-white  talc — afford 
a  few  small  crystals  of  topaz.§ 

Particles  and  granules  of  gold  are  scattered  through 
all  the  softer  strata ;  but  seldom  in  quantities  sufficient 
to  pay  for  extraction.|| 

«  AnU,  pp.  221—241. 

t  In  1814,  the  mines  of  this  range— wrought  by 

165  freemeni  and 
288  slayes, 

yielded  16,660*25  oUawu  (»  160*04  lbs.  Troy)  of  gold.— ton  Esokwxov,  Phtto 

BrasiUennt.    Tabellarische  TJebersicht  aller  QoldlaTras  jeden  Districts  in  der 

Prcvins  Minas  Qeraes,  it. 

XAnU,T^.  176« 

§  Near  the  village  of  Catas  Altas  **  there  are  slips  in  some  of  the  moimtain- 
<*  sides  in  which  topases  are  found,  bnt  rarely  any  of  good  quality." 

Mawb,  IVaveit  in  Bragii,  p.  289. 
II  The  whole  yicinity  is  irrigated  by  numerous  rivuletSi  many  of  which  are 
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These  talc-slates,  with  their  subordinate  bands  of 
quartz-rock  and  ferruginous  talc,  not  only  mantle  the 
lower  eastern  slopes  of  the  Cara^a,  but  stretch  far  into 
the  (Chmpos)  open  country,  from  Brumadinho  to 
CSattas  Altas,  and  thence  beyond  Gamargos. 

{d^  At  Fraga^  near  Bento  Rodriguez,  grains  of 
quartz,  nests  of  pearl-white  talc,  crystals  of  oxydulated 
iron,  and  particles  of  gold,  are  irr^ularly  disseminated 
through  a  breadth  of  many  fathoms  in  several  adjoin- 
ing beds  composed  chiefly  of  indurated  talc,  deeply 
coloured  with  red  and  brown  earthy  iron-ore ;  which 
have  been  occasionally  wrought  for  many  years,*  but 
with  little  success.t 

These  somewhat  imperfectly  lamellar  talcose  rocks — 
maintaining  a  tolerable  parallelism  to  the  neighbouring 
mountain,  and  ranging  from  south-east  to  north-west, 
— enclose  a  bed  of  different  character,  which  interlies 
them  for  some  distance;  on  meeting  one  of  their 
principal  joints,  however,  it  takes  a  meridional  direc- 
tion; but  on  entering  the  quartzose  talc-slate  (7to- 
columite)j  it  dwindles  from  several  feet  to  a  few  inches 
in  width,  and  at  last  dies  away.  Quartz,  either  colour- 


"  cUrerted  from  their  covnes  to  a  great  distance  for  the  purposes  of  gold-washing. 
"  In  all  parts,  eren  on  the  tops  and  sides  of  the  hills,  we  ohserred  operations  of 
<*  this  Und  going  on."— Mawb,  TraoeU  in  Brazil,  p.  289. 

*  In  1814  thirty-siz  slayes  extracted  1684  otloMS  («-16*l76  Troy  lbs.)  of  gold. 
TDK  BBCBmam,  PkUo  Bnuilienm^  Tabellarische  Uebersioht  aller  Gold- 
IsTras  jeden  Districts  in  der  Pro?ins  Minas  Qeraes,  y. 

tThe  proprietor,  like  many  other  Brazilian  mine-owners,  neither  clothed  his 
dares  well,  nor  paid  them  wages ;  but  nnwisely  allowed  them  instead,  the  on- 
controlled  disposal  of  all  gold  they  obtained  from  appointed  spots,  by  Yolontary 
labour  on  SainU'-days. 
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leas,  milk-white^  or  deeply  tinged  witii  earthy  blown 
iron- ore,  is  the  chief  ingredient;  bnt  pearl-white  talc 
is  also  abundant ;  and  flakes  of  iron-glance,  as  wdl  as 
crystals  of  ozydalated  iron,  are  irregularly  scattered 
through  the  entire  body.  Small  quantities  of  the 
Cgasian)  darker-coloured  quartz  are,  at  wide  intervals, 
richly  impregnated ;  and  drusy  cavities  (vughaj  in  the 
other  varieties  are  sometimes  spangled  with  octahedral 
crystals  of  gold. 

The  mine  was  wrought  to  a  depth  of  twenty-one 
fathoms,  but  it  yielded  no  profit. 

(e,)  At  l^heaaureirOf  between  Marianna  and  Camar- 
gos,  a  broad  band  of  imperfectly  lamellar  slate  ranging 
10 -20*  W.  of  N.  and  E.  of  S.,  dips  50*-60'  &,  con- 
sists mostly  of  brick-red  talc  sparingly  mottled  with 
earthy  white  felspar,  and  differs  from  the  adjoining 
rocks  only  inasmuch  as  it  contains  many  small  beds 
of  colourless,  smoky,  milk-white,  and  brown  quartz. 
Some  of  these  interlie  the  laminsB,  others  the  joints,* 
and  many  are  oblique  to  both.  None  exceed  a  few 
feet  in  length,  by  an  inch  or  two  in  breadth;  and 
generally  they  are  even  smaller.  No  part  of  the 
formation  is,  perhaps,  absolutely  barren ;  but  its  talcose 
ingredients,  as  well  as  the  beds  of  colourless  and  smoky 
crystalline  quartz  they  enclose,  are  comparatively  poor ; 
the  white  and  brown  quartz — one  flecked  with  oxydu- 
lated  iron,  the  other  mixed  with  much  earthy  brown 
iron-ore — afford  many  small  but  rich  bunches;  so 
irregularly  distribute,  however,  that  the  same  work- 


t  Ante,  pp.  299,  301. 
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people  who  eztneted  17*695  lb«.  of  gold,  in  the  iMt  six  monthi  of  1&42, 

obtained   0*461    „        „       only  in  the  flnt  lix  months  of  1848 ;  ^ 

even  then  drusy  crevices  in  their  least  productive  parts 
were  sometimes  thinly  studded  with  little  crystals  of 
gold. 

(f.)  At  Antonio  Pereira  the  iron  formation  f  is 
overlaid  by  a  series  of  conformable  beds  several  hundred 
fathoms  in  thickness;  which, — ranging  about  south- 
east and  north-west, — dipping  10*-46*  north-east, — 
and  by  turns  of  massive,  fissile,  or  thick  lamellar 
structure, — consist,  in  great  measure,  of  red  or  brown 
earthy  iron-ore  and  aluminous  clay,  largely  mixed  and 
often  interlaminated,  however,  with  whitish  talc,  and 
— less  frequently — with  earthy  black  manganese,  iron- 
glance,  and  quartz. 

Although  the  entire  series  is  more  or  less  auriferous, 
certain  unpromising  beds  have  been  but  slightly  ex- 
amined ;  both  above  and  below  them,  however,  other 

•  

strata  were,  for  some  time,  largely  wrought :{:  at  Malta 
Cavallos,  §    Tacoara   Queimadaj   Macacos^  ||   Matta 

*  Colonel  Fernando  Luia  Maohado  de  Magalhaea ,  MSS. 

t  Ante,  p.  218. 

}  Da  Oama,  Ed  warda,  Gardner,  Tregoning,  ft  ICartjn,  lisports  qf  the  Imperial 
BroMiiian  Mining  Aseoeiaiicn,  i,  pp.  49-64. 

§  Late  in  the  last  oentnry  a  bunch,  from  whleh  (1,800  oitayaa)  17*29  TVoy  lbs. 
of  gold  were  extracted  in  two  honrs,  waa  dlseoyered  about  (100  palmoa)  12  ftns. 
below  the  anrfaoe  at  Matta  CavaUoe,  Tho  workmen,  howeyer, — too  eager  in 
puranit  of  their  priae— nnhappilj  neglected  the  eidet  of  the  ahaft;  which,  and* 
denly  oollapaing,  cruahed  an  oyeraeer  (feitcrj  and  ten  elayes,  whose  remaina 
itUl  lie  buried  in  the  ore.— Da  OamAi  Ihtd,  i.  pp.  49-61.  Gardner,  Ibid,  i.  p. 
56.  yon  Spla  und  yon  Martina,  Reiee  m  Broiiiien,  x.  p.  401.  Walsh,  Notices  of 
Brmil,  n.  p.  210. 

I "  At  the  laera  Maeacoi  we  haye  annk  and  driven  in  different  places  about 
"  thirtj-siz  fathoms,  but  finding  that  as  we  aunk,  the  formation  instead  of  im- 
«  proying  became  worse,  and  its  appearances  more  unfayourable,  we  after  somo 

UU 
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Matta^  and  Rumao,*  in  different  parts  of  their  range ; 
some  of  these  afforded  rich  huncheBy'\  others  were 
thinly  sprinkled  with  gold ;  *  but  all  have  been  long 
since  abandoned. 

The  auriferous  beds  of  ferruginous  talc-slate  are 
succeeded  by  calcareo-siliceous  rocks ;  %  which,  imme- 
diately above  the  (lawa)  works  of  Malta  CavalhSf 
form  a  cliff,  perhaps  one  hundred  and  fifty  feet  high. 
This  deposit  consists  generally  of  coarsely-foliated 
brownish-grey  quartz-rocks,  which  enclose  small  lumps 
and  thin  veins  of  milk-white  quartz ;  sometimes,  how- 
ever, lime  is  an  ingredient  in  the  mass,  and  then  the 
included  portions  are  of  calc-spar.  Particles  and 
minute  flakes  of  gold  are  thinly  disseminated  through 
the  white  quartz ;  but  are  found  in  no  other  part  of 
the  formation. 

The  calcareo-siliceous  rocks  are  overlaid  by  a  few 
thin,  fissile  beds  of  pale  blue  slate. 

'*  oonralUition  were  of  opinion  that  it  would  be  a  waste  of  time  and  money  to 
•' proceed  any  (further,"  •  •  •  . 

'<  At  the  loKora  Rumao  we  haye,  by  aid  of  a  hand-pump,  sunk  a  shaft  6|  fathoms ; 
**  and  haye  driven  north-west  about  10  fathoms :  different  parts  of  the  formation 
**  show  gold,  but  it  would  in  no  way  meet  the  expenses,  and  as  we  could  see 
*'  nothing  to  warrant  ftirther  operaUons,  we  were  unwilling  that  any  more  money 
**  should  be  wasted  so  we  accordingly  shut  it  up/'  *  *  *  . 

**  There  are  seyeral  formations  in  the  estate,  and  each  of  them  when  washed 
*'  will  show  a  little  gold,  but  after  haying  examined  them  yery  minutely,  and 
"  proyed  them  in  seyeral  places  by  sinking  and  driving  where  we  thought  there 
"  appeared  any  chance  of  success,  we  feel  no  hesitation  in  saying  we  belieye 
**  they  will  neyer  pay  the  expenses  of  an  English  Company." — ^Tbbbilooox  & 
JBirNiNGB,  Repori$ofthe  Imperial  Brazilian  Mining  Auodatian,  viz.  pp.  96, 96. 

•  Ante,  p.  308,  Note  | .        f  Ibid,  Note  ^ . 
{  *'  At  Antonio  Fereira  we  found  primitiye  limestone,  and  •  •  *  dolomite, 
**  both  granular  and  lamellar,  in  great  abundance."    CALDOiiBvaK,  Draveia  in 
South  America,  ii.  p.  263.    yon  Spix  und  ? on  Martius,  Reiee  m  BrusiKenf  i. 
p.  402.    yon  Helmreichen,  MSS. 
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(ff.)   At  CapaS*  near  Ouro  Preto  pale-blue  talcose 


*'*At  the  topai-mine  near  CapaS  •  •  •  the  argillaceous  ichiBtus,  which 
**  formed  the  upper  stratum,  appeared  in  a  rariety  of  stages,  the  greater  part 
"  migrating  into  micaceous  schistns.  In  one  part  I  observed  two  negroes  poking 
*■  in  the  little  soft  yeins,  which  the  slips  "  of  rock  "  disclosed,  with  a  piece  of 
'*  rusty  iron,  probably  part  of  an  old  hoop  ;  and  on  enquiring  what  they  were 
**  about,  I  was  informed  they  were  the  miners,  searching  for  topaies.  I  took 
"  one  of  their  instruments,  and  on  using  it  as  they  did,  found  these  yeins  to 
^  contain  a  very  minute  micaceous  substance  approaching  to  earthy  tale,  also 
*'  some  quarts,  and  large  crystals  of  specular  iron  ore.  I  had  the  good  fortune 
*<  to  find  two  or  three  topaies,  which,  as  they  had  only  one  pyramid  each,  and 
*'  appeared  fractured,  I  judged  to  be  out  of  their  original  place,  e  e  •  I  fully 
'*  expected  to  meet  with  some  having  double  pyramids,  but  to  my  great  disap- 
"pointment,  all  that  I  found  were  entirely  detached.  From  a  great  quantity 
"  (at  least  a  cart>1oad)  of  inferior  topaies,  *  *  *  I  could  not  select  one  with  a 
"  double  pyramid.  They  informed  me  that  sometimes,  but  very  rarely,  topaset 
'*  had  been  found  attached  to  quarts,  but  even  in  these  instances  the  quarts  was 
**  fractured  and  out  of  its  original  place.  The  topases  which  were  shewn  to  me, 
'*  were  very  imperfect,  and  full  of  flaws.  They  also  informed  me  that  green 
*'  topaaee  were  sometimes  found,  which  I  very  much  doubted.  If  any  substance 
' '  of  that  eolopr,  resembling  topas,  did  occur,  it  was  most  propably  Euekue." 

Mawb,  Travels  in  the  interior  of  Bnuih  pp.  283>4. 

<*  The  Eudase,  which  is  still  of  such  rare  occurrence,  is  met  with  in  streams 
**  in  the  immediate  neighbourhood  of  this  topai  work ;  but  never  either  attached 
*'  to  or  embedded  in  the  quarts." 

Caldclvuoh,  DraveU  in  South  America,  ii,  p.  232. 

"  Yon  dem  Monro  de  Oravier  steight  man  nur  wenig  ab warts,  um  lu  der  schc- 
**  nen  Fagenda  Capad  und  der  eine  Viertelstunde  weiter  entfemten  Fatenda  Lana 
"  su  kommen.  Diese  Oegend  ist  die  Fundgrube  der  bekannten  brasilianischen 
"gelben  Topase.  Die  Grundlage  des  Oebirges  ist  auch  hier  der  Oelenkquari, 
'*  jedoch  steht  derselbe  selten  in  seiner  gewohnlichsten  Form,  dagegen  ofter  in 
"  der,  von  Bscrvtbob  Eisenglimmerschiefer  genannten.  Abanderung  lu  Tage 
"  an.  Auf  ihm  liegen  machtige  Lager  eines  modificirten  Glimmers,  den  man 
' '  auch  erdigen  Talk  nennen  konnte.  •  •  •  Unmittelbar  hinter  der  Fag,  Lana 
'*  ist  ein  Hiigel  auf  der  einen  Seite,  im  Umkreise  von  mehr  als  swei  Tagwerken 
**  un  bis  auf  eine  Hohe  von  sechsig  Fuss,  durch  Regen  und  kfinstlich  herab- 
«<  gefUhrte  Wasser  so  aufgeweicht,  dass  er  einem  Breie  gleicht,  und  sich,  ohne 
'*  sich  im  Einselnen  zu  verschieben,  immer  tiefer  herabsenkt.  •  •  •  Das 
"  Brdreich  wird  nit  Schaufeln  in  lange  Haufen  aufgeschiittet,  und  durch  dartt- 
'*  bergeleitetes  Schlemmwasser  in  einen  engen.miteinigenHoIxgittemversehenen 
"  Canal  abgespUIt,  so  dass  nur  die  festeren  Theile  suruckbleiben,  welche  sodann 

mit  Uanen  und  den  Handen  durchwuhlt,und  nach  Topasen  durchsucht  werden. 

Diese  harteren  Bestandtheile  der  aufgelosten  Formation  sind  die  Triimmer 
"  eines  oft  gans  brocklichen  weissen  Quaries,  bisweilen  mit  losen  Bergkrystallen 
"  durchmcngty  und  werden  oft  von  einer  weissen  oder  braunen  eisenschiissigen 
**  Porsellanerde  begleitet.    Letztere,  welche  hier  liMSabraneanenjitf  ist  das 
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day-slates  bound  the  opposite  sides  and  conformably 

**  fichtnte  Zcichcn  yon  don  yorkommcn  der  Topaie,  dit  towoU  svlKlieB  liir 
'*  als,  jedocb  seltener,  iwisohen  dem  Mrtrttnuneitm  und  anfgelosten  Qnane  low 
'*  und  lentrent  liegen.  Den  fein  aufgoweichtan  Olimmer  Ton  g«IblidL>iind 
**  tomteck-brmuner  Farbe,  den  man  erdigen  Talk  m  nennen  Tertncht  Ut»  beaeidi* 
^  nen  die  Arbeiter  mit  dem  Namen  der  Malacaehtia,  In  Uun  findet  man  die 
**  Topase  ebenialla,  aber  minder  hauflg  ak  in  jenen  lertrammerten  XTebematcn 
'*  Ton  Oangen,  und  iwar  hat  man  lie  nicbt  bloea  in  dem  aufgeweichten  Thcile  der 
'^  Formation,  londem,  wie  namentlich  bei  Copad^  auch  in  dem  noch  fasten 
**  bemerkt.  GemeinigUcb  lanft  der  die  Topasen  entbaltende,  mit  PoneUanerde 
^  anagefnllte  Qnangang  in  eincm  Salbande  von  erdigem  TaUwi  welcher  aich  Ton 
*'  dem  nabe  Uegenden  dorcb  Farbe  und  Dicbtigkeit  untereebeidet,  und  Farmofoa 
**  genannt  wird.  Der  Quangang,  deesen  Hauptricbtung  wegen  der  BewcgUeb- 
"  keit  der  gansen  Maaae  nicbt  immer  gani  Dieeelbe  iit,  bei  unaerer  Oegenwart 
*'  aber  yon  Hittemacbt  naeb  Mittag  lief,  bat  eine  MachUgkeit  yon  einem  soil 
*'  bia  su  anderthalb  Fust  und  dadiber,  und  wird  yon  den  Arbeitem  aorgfaltig 
'*  yerfolgt.  Nicbt  telten  macbt  ergroMe  neaterformige  Erweiterungen,  weleke 
"  nicbts  als  taubeui  lertriimmerten  Quarz  obne  Topase  darstellen.  Die  letsteren 
*<  warden  ausserst  selten  nocb  im  Znsammenbange  mit  dem  Quan^eateine  odcr 
'*mit  BergkrystaU  geftmden;  gewobnlicb  sind  aie  auf  der  einen  Seite  abge* 
•*  brocben ;  solcbe  mit  krystallimscben  Kndflacben  an  beiden  Selten  baben  wir 
'*  selbst  in  der  Grube  nicbt  aufflnden  konnen.  •  o  o  pie  Oroese'der  Steine  ist 
"  sebr  yerschieden ;  nacb  der  Aussage  der  Arbeiter  sind  scbon  faustgrosse  Stfieke 
**  gefnnden  worden.  Die  natttrlicbe  Farbe  ist  mannicbfaltig,  bald  grauliebbald 
''  weingelb,  dann  eine  Mittelfarbe  aus  Weingelb  und  Fleiscbrotb  yon  yeracbie* 
•<  denen  Oraden  der  Hohe,  selten  dunkelrotb.  Die  jenigen  Steine,  welcbe  in  der 
'*  Malacachela  geftmden  werden,  soUen  die  bellsten  seyn.  •  •  •  Die  Zahl 
'*  der  bier  jabrlicb  gefiindenen  Topase  ist  sebr  betriichtlicb,  und  dOrste  sicb  auf 
•<  fiinfsig  bis  secbsig  Arrobas  "  (2560  to  8972  lbs.  7>vy)  «<  belaufen,  jedocb  ist 
'*  diese  Summe  nicbt  immer  gans  rein  und  sur  Yerarbeitung  geeignet,  yeilmehr 
'*  ist  ein  grosser  Tbeil  derselben  von  so  unreiner  Farbe  und  so  toU  Spruoge, 
**dass  er  yon  den  Besitzem  weggeworfen  wird.  Yon  der  geringstein  Sorte 
**  der  sum  Scbnitte-taugUcbin  Steine  wird  die  Octaye  '*  (56*33  grains)  "  zu 
•*  dreibundert  und  swansig  Reis  "  (about  nine-pence),  «  yon  der  besten  au  swei- 
**  Uusend  Reis  "  (four  sbillings  and  sixpence)  **  yerkauft  Aus  geseicbnet  groose, 
«<  scbone,  feurige  Steine,  sabit  man  an  Ort  uod  Stelle  mit  zwansig  bis  dreissig 
"  Fiastem.  *  •  «  Zugleicb  mit  den  Topasen  kommt  bier  die  Euklase  {St^hu) 
**  yor,  welcbe  erst,  seitdem  Mineralogen  Nacbfrsge  nacb  ibr  getban  baben,  die 
**  Aufmerksamkeit  der  Mineiros  auf  sicb  siebt.  Im  Allgemeinen  ist  diese 
*'  Steinart  selten,  und  swar  kommt  sie  hauflger  in  der  Mine  yon  Cepoo  als  in  der 
**  yon  Lana  yor."— yoN  Spix  und  ton  Majitittb,  Reiie  in  Bratiiim,  i,  pp.  327-9. 
"  Les  coucbes  tslqueuses,  li^es  au  tbonscbiefer,  ofirent  un  cbamp  plua  ricbe 
**  auz  min^ralogistes.  *  *  *  Au  milieu  de  parties  de  ces  rocbes  r6duitee  k 
«  r^Ut  d'argile,  on  trouve  en  nids  et  en  petites  veines,  dans  de  la  Utbomaige,  de 
**  beaux  crisUux  jaunes  de  topate  du  BHail,  de  Veuckue,  mineral  si  rare,  du  fir 
**  oligiiU  en  grandes  tables  bexagonalcs,  accompagn6  de  cristaux  de  mica.   Des 
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iDteriie  several  parts  of  a  broad  band,  ^hich — ranging 
nearly  £•  and  W.,  and  dipping  20*-30*  S., — consists 
in  great  measure  of  earthy  talc  and  brown  iron-ore ; 
mottled,  however,  with  felspar-clay,  and,  less  frequent- 
ly, with  iron-glance.  Irregular  masses  and,  either 
imperfect  or  double-pointed,  crystals  of  quartz  are, 
without  apparent  order,  implanted  throughout. 

Crystals  of  topaz — imbedded  singly — are  peculiar 
to  no  part  of  the  formation ;  but  are  most  numerous 
where  felspar  abounds.  Their  positions  are  as  uncon- 
formable with  regard  to  one  another  as  they  are  to  the 
natural  faces,  and  imperfectly  lamellar  structure,  of  the 
surrounding  ingredients ;  and  thus  dissimilar  matrices 
sometimes  enclose  different  parts  of  the  same  crystals. 
They  are  of  every  hue  between  dark  amber  and  pale 
yellow ; — from  half  an  inch  to  ten  inches,  though  on 
an  average  from  two  to  three  inches,  long ; — and  from 
one-eighth  of  an  inch  to  three  inches,  but  generally 
about  half  an  inch,  in  thickness.  Their  opposite  enda 
present,  sometimes  planes  perpendicular  to  the  axis  of 
the  prism,  sometimes  dissimilar  pyramids ;  *  more  fre- 
quently, however,  one  extremity  is  plane  and  the  other 
pyramidal.    But,  except  as  specimens,  few  are  of  much 


M 
<« 
I* 


eiittauz  do  qnarz  hyaUn  avec  des  tcpate*  implant^es,  on  r^ciproquesnent  des. 

cristaux  do  quart  implant^s  dans  ceux  de  topase,  et  du  ditthine,  rcndent  ee 

glta  plus  inUressant  encore :  les  pays  dapuis  Villa  Rica  jusqu'  li  Capa6,  en. 
"  offrent  les  plus  beaux  exemples." — yon  Ebchwbob,  AnnalM  des  Mme*^  tiii.. 
p.  416;  PhUo  BratiUmuU,  pp.  385-9. 

Claussen,  BvUttim  de  VAcadimie  Royale  des  Seiencee  de  Bruxeilee,  Yin.  Ire 
pmrtie,  p.  326.    Daubr^e,  Annalei  dee  Minee,  4me  S6rie,  xiz.  p.  704, 

•  Phillips,  Mineraicgy,  3rd  Edition,  p.  84.  Hobs,  Mineralogy  (English  trans- 
lation by  Haidinger),  iLp.  31.  Jameson,  iftneralo^  (Bnoyclopndia  Britannica), 
p,  196. 
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value;  for  the  greater  number  either  are  flawed, — 
enclose  crystals  of  iron-pyrites,  iron-glance,  talc,  and 
other  substances, — or  exhibit  minute  cavities,  some 
seemingly  empty,  but  others  partly  filled  with  pale 
yellow  or  orange-red  liquid.*  The  flaws  seem  confined 
to  no  part ;  but  the  implanted  minerals  and  the  cavities 
occur  on  certain  planes  parallel  to  the  axis  of  the  in- 
cluding topaz.  Open  crevices  in  imperfectly  formed 
crystals  sometimes  contain  symetrically  disposed  octa- 
hedrons of  oxydulated  iron,  their  facets  bearing  fre- 
quent impress  of  substances  which  have  disappeared. 

The  same  formation  yields  also  the  euclase,  but  in 
much  smaller  numbers  than  the  topaz. 

Cross-veins  of  quartz,  some  two  or  three  inches  wide, 
range  nearly  north  and  south,  but  do  not  displace  the 
strata  they  intersect. 

An  excavation,  perhaps  one  hundred  fathoms  long, 
fifty  wide,  and  from  sixteen  to  twenty-five  deep,  has 
been  made  at  Capao  in  pursuit  of  the  topaz ;  but  as  a 
large  stock  of  crystals  has,  for  many  years,  remained 
unsold,t  the  works  are  seldom  resumed,  except  to  satisfy 
the  enquiries  of  visitors. 

At  Boa  Vista,  in  the  same  neighbourhood,  a  similar 
formation  afibrds  crystals  of  topaz  in  equal  abundance ; 
but  there  also  operations  have  been  discontinued. 

(VIL)  Great  part  of  the  district  is  overlaid  with  dis- 
integrated matter ;  composed,  mostly,  of  talc,  quartz, 

^Brewiter,  Edmburgh  Journal  of  Seienc0,T^  (1826)»  p.  126;  EdimbwyhNew 
Phil,  Journal,  xzxtiii.  (1846)  p.  386. 

t  A  tolerable  collection  may  be  made,  at  tbe  rate  of  a  few  pence  per  specimcB. 
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and  earthy  red  iron-ore :  *  in  which  search  for  gold  is 
still  made  here  and  there,  but  with  little  success. 


A. — Directions  of  the  auriferous  deposits 
extend  to  almost  every  part  of  the  compass, 
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bat,  like  the  lodes  of  Cornwall  and  Devon^f  they  have 

•  CUius«n  ByXUiim  de  VAcadimU  Boyale  de  BruxtUes,  TZii.'lre  partie,  p.  329. 
t  DinMms  of  veins,  m  CamwM  and  Devon, 
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most  frequently  a  nearly  easterly  and  westerly  range. 
The  foregoing  details*  show,  however,  that  the 
auriferous  deposits,  as  well  as  the  rocks  they  interlie, 
maintain — whatever  their  mineral  character — an  exact 
parallelism  with  the  chains  of  mountains  in  which 
respectively  they  occur. 

B. — Inclinations  of  the  auriferous  deposits 

vImn  tlM7  lAtiritotlM  plaaM  of  MhlttoM  ftrQetan— TtrjiBC  firom  10  to  7a«-4T««fftabo«t4«» :  t 
M        ooafom to thojoliili ••—  w        45  m80*—         m         ^^^t 

The  highly  inclined  portions  are  not  always  rich,  but 
the  flatter  parts  are  ever  poor.§ 

G. — Sizes  or  widths  of  the  auriferous  deposits. 
Except^  perhaps,  the  upper  limestone  of  Oongo  Soco 
(VI.  a), II  no  considerable  part  of  the  series,  above  the 
granite  of  Caeth^  and  of  the  Cara^a,^  is  absolutely 
barren;  but  the  portions  which  either  contain  gold 
enough  to  be  worth  extraction,  or  offer  promise  to  the 
miner, — though  here  and  there  several  fathoms  •• — 
are  generally  from  about  two  to  eight  feet  wide ;  the 


•AnUf^p.  176—804;  Table  X.  oolannB  2,  4, 11. 

t "  Throughout  Cornwall,  and  the  west  of  DoTon,  the  mean  dip  of  the  iodet 
**  may  be  about  70^  from  the  horiion,  but  in  thia  reipect  there  ia  a  oonaiderable 
«<  diffinrenee  between  the  ImIm  in  the  eaatem  and  weatem  diatricta." 

HsMwooD,  ComwoU  OeoL  IVwif.,  T.  p.  247. 

t  <<  To  whaterer  point  the  ero$$-vem$  may  inoline,  their  inelinatioii  from  the 
«<  horiaon  ia  on  the  irhole  oonaiderably  greater  than  that  of  the  lodea,  and,  on  an 
**  aTerage,  ia  probably  litUe,  if  at  all,  leaa  than  80° ;  although  there  are  many 
<<  exeeptiona.*'— TiMJ,  p.  277. 

)  Thomaa,  Smvey  of  th$  Ummg  dittnet  firom  Chaeeufotet  to  Cambame,  p.  20. 
Henwood,  Conmoatt  Oeol.  IWmm.,  t.  p,  281 ;  AnU^  pp.  82^8. 

0  AwU^  p.  298. 

%  Ante,  p.  174. 

••  Ante,  pp.  189, 190,  256.  TMee  VL  VHL  X. 
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richeftt  layers,  however,  seldom  exceed  six  inches,  and 
are  often  less  than  an  inch.* 

D. — Relatuma  of  the  auriferous  deposits  to  the  rocks 

which  adjoin  them. 

(I.)  Composition — (a.)  The  only  auriferous  gpranhe 
in  Minas  Geraes  consists  of  a  yellowish  felspar,  white, 
quartz,  and  oxydulated  iron-ore ;  t  irregularly  mixed, 
however,  with  crystalline  granules  of  gold;  which — 
alloyed  with  from  0*05  to  0*08  its  weight  of  palladium, j: 
and  sometimes  enclosing,  but  more  frequently  imbedded 
in  the  other  ingredients — thus  forms  an  integral  part 
of  the  rock,§ 

(6.)  The  talcose  slates  which — thinly  sprinkled  with 
particles  of  gold — rest  on  unproductive  granite  near 
Gaethe  and  in  the  Gara^a,!!  as  well  as  those  which,  in 
like  manner,  overlie  the  auriferous  iron-ores  in  higher 
parts  of  the  series,^  enclose  broad  bands  and  short, 
thin  layers  of  quartz ;  which  generally  conform  to  the 
foliation,  seldom  follow  the  joints,  and  are  still  less 
frequently  oblique  to  both.**  These  are,  at  unequal 
distances,  conformably  interlaid  by  narrow  beds  and 
small  lenticular  masses  of  the  neighbouring  rocks. 

•A»i§^  pp.  2a0— 2,  262—4,  266— 7»  269,  TMn  VIII.  X. 

t  AnU,  p.  176.        t  AnU,  p.  176. 

{  Berger,  GmL  Drans,,  x.  p.  120.  De  Luc,  Choiogioal  TVtnwb,  ni.  p.  842» 
Herbert,  Asiatie  Eetetirehet,  i.  p.  286.  Sedgwick,  Phil,  Mog.  ^  AmmM^  xx. 
(1831)  p.  283.  Henwood,  Comtooff  Geo<.  TVchw.,  t.  pp.  16,  63,  73,  119|  236. 
Hnrehiion,  Gmiiogy  of  Ru$iia  in  Europe,  i.  p.  483.    jiiu$,  pp.  46, 176. 

I  Ami€,  pp.  177—8. 

f  Anie,  pp.  178—80,  208—302. 

**  Henwoody  Oom%99U  Geol.  TVyhm.,  vx.  p.  296 ;  Ant$,  p.  180. 
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The  quartz  is  mostly  of  a  whitish  hue ;  but  portions 
are  tinged  with  (gossan)  earthy  brown  iron-ore,  of 
which — ^near  the  sur&ce  especially — small  bunches  are 
numerous. 

(c.)  Where  the  talcose  slates  pass  by  degrees  into 
clay-slates,^  the  conformable  beds  of  quartz  sometimes 
contain  masses  of  iron-pyrites.f 

(</.)  The  clay-slates  also  alternate  with  bands  com- 
posed mostly  of  quartz,  which  is  generally  whitish, 
but  here  and  there  is  either  colourless  or  of  smoky  hue. 
The  shallower  parts  of  the  pale-coloured  varieties  fre- 
quently enclose  nests  of  earthy  brown  iron-ore,  as  well 
as  (vughs)  drusy  cavities  lined  v^ith  crystals  of  quartz, 
or  encrusted  with  spathose  iron  and  arragonite.^:  At 
greater  depths  iron-pyrites  prevails;  mixed,  however, 
with  much  smaller  quantities  of  both  arsenical  and 
copper  pyrites.^  Masses  of  slate,  from  a  fraction  of  an 
inch  to  several  fathoms  in  dimensions,  occur  without 
number  in  every  auriferous  bed ;  ||  but,  perhaps,  more 

*  *'  LMUcolumite  alterne  en  banes  poittant  et  tnr  une  grande  attedue  avec  U 
**  thonaohiefer."--yoN  Esohitbob,  Atmakt  tk»  Mmet,  Yin.  p.  401. 
Claoaaen,  BuUeHm  de  rAeadimie  RoyaU  dt  BruxeUea^  Tin.  (Ira partie)  p.  325. 
t  AnU,  pp.  180,  184.        }  AnU,  p.  196,  Table  VI.  colnmns  8,  10. 
^  Ante,  pp.  194-5;  Table  VL  columnt  8,  10. 
I  At  Monro  Velho  the  proportions — of  quartaose  and  slaty  matter  leparated 
from  the  ore  brought  to  the  snrfaoe, — and  of  gold  extracted  from  the  ore  stamped, 
— haTe  been 

Depths.  Proportioat  of 

ftaki.  Rubblih  r^ected  from  w  stamptJL  Gold  estncted. 

Surface  to    50*0         0-181  0*0000159 

50.0— 100-0         0-085  0-0000142 

100*0— 142-8         0*045  0*0000138 

142-8—162-6         0-246  0*0000268 

Ante,  pp.  202-  8 ;  Table  VIL  columns  8,  9, 25.    Agwrto  of  ike  SmiU  John  ^^ 
JUy  Company^  xxxxi.  p.  60 ;  xxxxxi.  p.  49;  xxxiT.  p.  48. 
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frequently  in  the  quartzose  than  in  the  pyritous  parts. 
Their  characters  are,  generally  speaking,  identical  with 
those  of  the  adjacent  strata ;  but  frequently  they  are 
more  or  less  transfused  with  one  other  ingredient  of 
the  surrounding  matrix. 

From  the  slate  to  the  quartz  the  passage  is  often 
abrupt  and  immediate;  as  often,  however^  the  transition 
is  by  shades  barely  discernible.*  Frequently  also  the 
slate,  for  some  distance  from  the  body  of  quartz,  is 
slightly  impregnated  with  auriferous  pyrites.t 

(($.)  The  iron«formation  comprises  two  groups ; — the 
Itabirite  and  the  Jacotinga. 

(a.)  The  Itabirite  consists,  for  the  most  part,  of 
granular  quartz,  and  of  iron-glance  irregularly  mixed 
with  oxydulated  iron,  earthy  brown  iron-ore,  and 
hydrous  oxide  of  iron,  in  alternating  beds,  sometimes 
separated  by  laminee  of  talc ;  ^  but  seldom  more  than 
a  few  inches,  and  often  less  than  an  inch,  thick.  In 
this  part  of  the  series  gold  is  rarely  found.  At  CocaXs 
and  Gongo  SocOj  however,  one  of  the  quartzose  strata 
attains  a  width  of  several  feet,  is  largely  though  ir- 
r^ularly  charged  with  calcareous  matter,  flecked  with 
iron-glance  and  talc,  and  thinly  sprinkled  with  gold.§ 

(b.)  The  Jacotinga  is  composed  in  great  measure  of 
iron-glance,  II   mixed  generally  with  small  quantities 

*  Henwood,  Cornwall  Oeol.  Tnuu,,  Yi.  p.  144 ;  London,  Edmburffh,  ^  DubUn 
PhU.  Mag.,  xxt.  p.  342;  AnU,  p.  194. 

t  Trcloar,  ReporU  of  the  Saint  John  tTel  Roy  Company ^  xz.  p.  18 ;  AntOt  pp 
186,  196,  Notes. 

X  AnU,  pp.  211,  214,  219, 221,  824-5,  248. 

i  AnU,  pp.  245,  249. 

I  AnU,  pp.  214,  219,  228,  225,  287, 248,  245, 247,  254;    TahU  VIII.  columns 
3,6,9,12,15,  18,21. 
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of  earthy  manganese/  and  frequently  with  minate 
proportions  of  oxydolated  iron,t  earthy  (brown  and 
black)  iron-ore,:};  titaniferous  iron-ore9§  or  the  hydrous 
oxide  of  iron  H  also ;  but  seldom  with  all  these  at  onoe« 
Talc,  either  foliated  or  massive,  forms — especially  in 
upper  parts  of  the^  group — isolated  masses  and  thin 
layers;^  but  quartz  is  a  rare,  and  an  unwelcome, 
ingredient*^* 

Conformable  beds,  of  which  the  poorer  parts  aie 
barely  discernible,  and  the  richer  are  only  a  few  inches 
wide,  contain  most  of  the  gold  in  this  formation-ff 
The  neighbouring  strata — partaking  the  changes  they 
undergo  in  various  parts  of  their  range— contain  h'ttle 
or  none  where  the  beds  (veins J  are  least  productive ;  it 
but  they  are  more  or  less  impregnated  to  greater  or 
smaller  distances  in  proportion  to  the  dimensions  and 
qualities  of  the  bunches  of  gold  they  adjoin.§§ 

(f.)  The  upper  talcose  rocks  |||  are  separated  from 

•  iififo,  pp,  215, 219, 229,  289, 244—6 ;    Ttibk  VIIL  oolmmi  %,  6,  9,  IS,  1^. 
18, 21. 
tiififo,  pp.  228, 287,  254;  TMa  VIIL  oolnmnt  8,  21. 

X  AnU^  p^  228, 284, 289, 245, 247,  254 ;  Tabk  VIII,  eolumiu,  8,  6, 9, 12,  l^» 
18, 21. 
{ilfili,p.230. 

I  AnUt  p.  246. 

%AmU,  pp.  215, 228,  280,  289,  244, 245,  255 ;  TahU  VIIL  eolnmna  8,  6, 9, 
12, 15, 18,  21. 

••  AnU^  pp.  228,  228,  284,  240,  247,  255  ;  TohU  VIIL  colimmi  8,  21. 
ttiiiKt,  pp.  228»280— 8,  246,  257,  262—4,  266—7,  269,  277;  Taikk  riU* 
colmnns  6, 9, 12, 15, 18. 
tt  AnU,  pp.  268,  282 ;  JMt  VIIL  eolttmnt  9, 12, 15,  18. 

H  A$U€,  pp.  215-16,  219,  245,  255,  257—8,  277 ;  Tabk  VIIL  ooluaaf  ^i  ^' 
15, 18. 

m  Anie,  pp.  300—4. 
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the  lower  *  by  the  iron-series  (Itabirite  f  &nd  Jaco- 
Hnga'!^)  only,  at  Boa  Vista^  Pitangui,  Morro  diu 
AbnaSj  and  Agoa  Quente  north-east  of  the  Cara^ ; 
but  by  the  clay-slate  §  as  well  as  by  the  iron- formation 
at  Crongo  Soco.  The  former  is  often  of  reddish  or 
brownish  hue,||  the  latter  of  pale  buff*  colour;  one  is 
mostly  interlaid  by  thin  ribs,^ —  the  other  by  broad 
bands,*  of  quartz  mingled  with  slate;  but  the  gold 
they  afford  is  distributed  in  the  same  manner;  and 
the  same  alloy  ** — unrecognised  in  the  intermediate 
strata — is  common  to  both.  If,  however,  other  re- 
lations subsist  between  them, ft  ^^^^y  ^^  concealed 
either  by  v^etation,;!^:!^  or  by  the  Canga.^ 

The  upper  calcareo-siliceous  rocks  ||||  enwrap  small 
masses  of  milk-white  quartz  sprinkled  with  particles 
of  gold ;  so  thinly,  however,  that  the  formation  remains 
to  this  day  unwrought. 

Every  gold-bearing  bed  partakes  the  mineral  charac- 
ter of  the  rock  it  interlies^lflT 

(^.)  The  Canga^  which  overlies — the  iron-series  ai 

*  AnU,  pp.  176—80. 

t  AnU,  pp.  211,  214, 219,  221,  224-5,  248, 311. 
t  AnU,  pp.  214, 219.  228, 225,  287,  248,  245,  247,  254,  818. 
^  AnU,  pp.  182-.207, 811 ;  Table  VL  columns  2,  5,  8,  11, 14,  17, 20. 
I  AnUt  p.  246, 
%  Anie,  pp.  800 — 4. 

^  AtUe,  pp.  180,  299;  Table  X.  colvnm  17. 

tt  The  lata  H.  Yirgil  Ton  Uelmreiohon, — an  experienced  end  a  careAil  ob- 
serrer^— belicTed  the  iion-roeke  to  be  enToloped  in  the  lUte-formation. 
ttilii«e,pp.241,296. 

a  AnU,  pp.  217, 288,  245,  247-8, 299,  808. 
||.liKf,p.204. 
1ft  Jiite,p.28,Notet. 
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Itabira,  Durao^  Cocdesj  and  Oongo  8oco/^ — talcose 
slates  at  Agoa  Quente^  Descoherta^  aud  ThesauretrOj^ 
— and  calcareous  rocks  at  Gango  Soco;X  consists 
mostly  of  iron-glance,  Itabiritej  Jacotinga,  oxydulated 
iron,  and  quartz,  in  sub-angular  blocks ;  cemented  by 
either  red  or  brown  iron-ore,  often  massive,  but  some- 
times in  an  earthy  state :  crystalline  particles  of  gold  \ 
occur  at  intervals ;  and  in  at  least  one  instance  it  also 
contains  native  copper. || 

(A.)  From  a  mixture  of  granular  quartz,  talcose 
clay,  and  earthy  red  iron-ore, — which  succeeds  the 
Canga  ^  and  overlies  the  low-grounds, — small  quan- 
tities of  gold  are  occasionally  collected  during  the 
rains. 

(2.)  Structure. — (a.)  No  peculiarity  of  structure 
distinguishes  the  auriferous  from  the  ordinary,  granite 
of  Candanga.** 

(6.)  Although  the  massive  beds  of  gold-bearing 
quartz  which  occur  in  the  lower  talc-slate  ft  exhibit 
many  flexures,  they  generally  conform  to  its  schistose 
structure. 

(c.)  The  thick-bedded  quartz-rock  of  Catta  PretaXX 
differs  in  composition  from  the  auriferous  bands  and 
their  (branches)  offshoots,  §§  only  in  that  it  contains 
mere  traces  of  compact  red  iron-ore  and  of  gold; 


•  Anie,  pp.  216, 286, 245, 248.  %  AnU,  p.  808. 

t  Jnte,  pp.  298,  800,  802.  •*  AnU,  p.  175. 

X  AnUf  p.  208.  ft  Ante,  pp.  178— 80,  818. 

i  AnU,  pp.  217^  286.  tt  AnU,  pp.  180—2. 

I  Ante,  p.  286.  H  AnU,  p.  181,  Fig.  18. 
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whilst  they  afford  small  quantities  of  both.  It  is 
generally  of  granular  structure  and  pale-buff  or  brown* 
ish-red  hue;  but  they  —  here  and  there  enclosing 
small  granular  masses-— are  mostly  crystalline  and 
transparent. 

(d.)  The  only  productive  members  of  the  clay-slate 
series  are  broad  beds,  composed  in  great  measure  of 
quartz ;  but  containing  also  large  quantities  of  quartz- 
oee  slate  and  iron-pyrites,  beside  other  substances  in 
less  abundance,*  Some  of  these — each  but  a  few 
fathoms  long — interlie  the  laminss  at  intervals^  but 
terminate  at  the  seams ;  f  others — of  greater  length — 
conform  to  the  cleavage  in  certain  parts  of  their  range, 
follow  the  joints  elsewhere,  and  here  and  there — but 
less  frequently — are  oblique  to  both.:]:  Between  them 
and  the  (Country)  rock  on  either  side  there  is  often  a 
gradual  transition ;  §  but  sometimes  their  junctions  are 
well  defined. 

Wedge-shaped  bodies  (horses)  \\  of  slate,  not  uncom- 
monly, split  the  largest  beds  (PL  IIL) ;  and  angular 
blocks,  of  various  sizes, — enveloped  in  the  quartzose 
and  pyritous  matrix— rform,  occasionally,  considerable 
portions  of  the  metalliferous  mass :  but — whether  they 
are  wholly  or  partially  separated  from  the  neighbouring 


•  AnU,  pp«  182^210,  812. 

t  IlAd,  pp.  188,  247,  Note  ft. 

X  Jhid,  pp.  186,  188. 

%  Henwood,  Comwatt  Choi,  TWwm.,  yi.  p.  144 ;  Lonthm,  Edinbutghf  %  JhtbUn 
PkiL  Mag»t  XXT.  p.  842 ;  AnU^  p.  194,  318. 

I  Henwood,  Cumwdd  G«o^  TVaiM.,  T.  pp.  176,  310 ;  AnU^  p.  194 ;    TohU  VL 
eolumn  11. 
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strata, — their  cleavage,  unimpaired,  maintains  on  the 
whole  a  tolerable,  though  not  in  every  case  an  exact, 
uniformity.* 

Those  portions  of  the  auriferous  deposits  which  either 
intersect  the  rocks  or  conform  to  their  joints  at  Motto 
VelhOf  are  now  and  then  partly  or  entirely  severed  by 
certain  beds  or  floors  of  slate,  integral  parts,  projecting 
from  either  of,  or  from  both,  their  sides  (waUsJ.-l^ 

At  Ouro  Fino  X  &  concentric-lamellar  structure  pre- 
vails in  the  spheroidal  masses,§  of  clay-slate  and  of 
fibrous  white  iron-pyrites,  which  abound  in  the  pro- 
ductive band  of  quartzose  slate. 

(e.)  The  rich  though  narrow  beds  of  auriferous 
JcLCOtinga  conform  to  the  generally  schistose  structure 
of  the  iron-formation ;  ||  and — in  an  instance  or  two- 
less  productive  offshoots  from  them  follow  the  joints.^ 
But — ^seldom  or  never  ranging  independently  across 
the  strata — these  yield  little  gold,  and  are  traced  with 
difficulty  in  the  massive  crystalline  iron-glance.** 

At  Oongo  Soco  the  Jacotinga  and  the  triangular 


t  nid,  pp.  191--d;  Fig.  16 ;  TM$  VI.  eolvaot  6, 8, 11. 

X  Ante,  p.  184. 

)  Ctrne,  PhiL  TVtMW,,  xoviii.  p.  298;  Comwatt  Oeoi,  TVoiu.,  n.  p.  94.  D« 
Lve,  Gmilogical  TrtntU^  iii.  p.  278.  WemTer,  Q0OI.  TWmm.,  t.  p.  171.  Henwood, 
ComwaU  Qeol  Thmt.,  t.  pp.  86,  72, 157, 188;  Toftte  F/.,  XXXIV.,  LVIIl. 
Stfanon,  Qumlerig  Jornnalof  the  QeoL  8oeUiif,XYU  p.  188.  WtlUce,  GwA^too/ 
Sbme^e  of  AUion  Moor,  p.  99.  Lanr,  Atmalee  d$$  Mine*,  6mt  84rie,  lu.  p.  423. 

I  JfUH,  pp.  214,  221,  228-4, 227,  229-80,  280,  246, 262-86. 

t  /M,  p.  264;  Tabk  nil.  eoltunn  6. 

••  Ibid,  pp.  254,  256. 
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mass  (horse)  of  Itabirite  which  interlies  it,  have  the 
selfsame  planes  of  cleavage  iu  common.* 

(y.)  The  auriferous  beds  of  quartz — whilst  more 
numerous, — are,  for  the  most  part,  shorter  and  smaller 
in  the  upper  f  than  in  the  lower ;{:  talc-slate.  But — 
though  conforming,  generally,  to  the  cleavage,^ — they 
diverge  at  the  joints  and  cross  the  strata  ||  more  fre- 
quently than  similar,  but  larger,  beds  in  other  parts 
of  the  series. 

The  massive  calcareo-siliceous  rocks,^ — the  ferru- 
ginous breccia**  (CangaX — and  the  widely-spread 
deposit  of  granular  quartz  and  talcose  clay, ft — have 
already  been  mentioned  in,  perhaps  sufficient,  detail. 

The  relations  borne  to  certain  adjoining  strata,  by 
the  thin  lines  of  gold  contained  in  that  part  of  the 
matrix  which  conforms  to  the  joints,  at  Pifangui ;{;:]; 
and  at  Agoa  Quente ;  §§  as  well  as  those  which  the 
shoots  of  rich  Jacotinga,  and  of  auriferous  pyrites 
imbedded  in  quartz,  bear  both  to  the  composition 
and  to  the  undulating  (rippled)  conformation  of  the 
schistose  iron-glance  at  Gongo  SocOy\\  and  of  the  clay- 


«  Ante,  pp.  251,  266 ;  TabU  VIIL  column  21. 

t  md,  pp.  298,  301,  803. 

%  IHd,  pp.  178—80. 

^  Ibid^  pp.  178, 180,  298,  301, 802 ;  Table  X.  columns  4,  5,  11, 12. 

g  Ihid,  pp.  299,  301—2;  Table  X,  columns  7,  8,  11, 12. 

%  Ibid,  p.  304. 

••  Ibid,  pp.  216,  236,  245,  248,  299. 

tt  Ibid,  pp.  308,  316. 

n  Ibidy  pp.  223—4. 

%%  md,  p.  234. 

Ibid,  pp.  263—4,  266—7,  269. 
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slate  at  Morro  Velho,*,  niay,  perhaps,  be  more  con- 
veniently recapitulated  hereafter. 

E. — JDistribution  of  gold  in  different  rocks. 

(a.)  The  granite  of  Candonga  f  is  irregularly 
sprinkled  with  small  crystalline  masses  of  oxydulated 
iron ;  and,  more  thinly,  with  particles,  grains,  dendritic 
groups,  and  reticulated  threads  of  gold. 

(&.)  Portions  of  the  lower  talc-slate  at  Santa  i2tto,:|; 
and  of  the  upper  at  Fraga,^  are  charged  with  earthy 
brown  iron-ore,  and  sparingly  mixed  with  gold. 

The  most  productive  parts  of  both  series,  however, 
are  certain  beds,  of  which  some — in  the  upper  talc- 
slate  especially — are  short  and  narrow ;  ||  but  others 
are  of  great  length,  depth,  and  thickness.^  Quartz  is 
always  their  chief  constituent;  but  earthy  brown  iron- 
ore  is  a  frequent,  and  sometimes  an  abundant,  ingredi- 
ent; whilst  oxydulated  iron,  iron-glance,  and  several 
other  minerals  are  also  common.'**  Here  and  there 
gold  is  scattered  through  portions  of  these  vein-stones 
in  much  the  same  manner  as  through  the  granite ;  ft 
but  the  richest  parts  are  generally  those  which  contain 
most  iron-ore.JJ 

•  Ante,  pp.  206—7. 
ti6u;,  pp.  175,  311. 

t  The  talcose  slate  of  Santa  Rita  afforded  from  0*0000006  to  00000055  its 
weight  of  gold.    Ibid,  p.  177. 
$  Ibid,  p.  801. 
t  Ibid,  pp.  178, 299,  802. 

H  The  broad  band  of  quarts  wrought  at  Catta  Branca  yielded  from  0*0000065 
to  0*0000196  its  weight  of  gold.     Ibid,  p.  179.     ' 

•♦  Ibid,  pp.  178—80,  298—803. 

tt  Ibid,  p.  819. 

U  ^*w^i  PP'  177,  299,  801—2. 
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(c.)  The  thick-lamellar  quartz-rocks  of  Catta  Preta 
are  interlaid  by  crystalline  beds  and^Zoor^  of  colourless 
quartz.  In  these,  minute  crevices  without  number  are 
commonly  filled  with  earthy  red  iron-ore;  through 
which  small  quantities  of  gold  are  sometimes  thinly 
sprinkled. • 

((/.)  The  clay-slate  of  Morro  Velho — slightly  trans- 
fused with  pyrites  at  intervals, — yields  small  quantities 
of  goldf  to  some  distance  from  the  large  deposit  of 
pyritous  quartz,  with  which  it  unites  by  gradual 
changes  of  mineral  character.:}; 

But  in  this,  as  well  as  in  the  talc-slate,§  formation  the 
riches  are  mostly  obtained  from  particular  beds,  which 
— now  and  then  of  short  range, ||  but  often  of  great 
extent, — commonly  interlie  the  planes  of  cleavage,^ 
though  certain  portions  conform  to  the  joints,**  and 
others  are  oblique  to  both.f  f  These,  as  already  men- 
tioned,:j;J  consist  mostly  of  quartz;  largely  mixed, 
however,  with  earthy  brown  iron-ore  near  the  surface ; 
but  with  enormous  masses  of  quartzose  slate  and  of 

«  0*0000132  their  weight  of  gold  was  obtained  from  the  beds  of  quartz  at 
CaUa  Preta,    Ante,  pp.  182,  316. 

t  From  0*00000143  to  0*00000353  its  weight.  Treloar,  Walker,  Reay,  and 
Sjmons,  JReports  of  the  Saint  John  d'el  Rey  Company^  xx.  p.  53 ;  xxnr,  p.  43 ; 
xxxz.  pp.  45 — 8 ;  Ante^  pp.  186, 196. 

X  Anie,  p.  194. 

\  Ibid,  p.  319. 

II  Ihid,  p.  183. 

%  Table  X,  columns  4,  11. 

*•  Ibidf  columns  7,  11. 

tt  Ihid^  columns  4,  7,  11. 

;+  Ante,  pp.  182—4, 190, 194,  202,  312, 317 ;  Table  VI.  columns  5,  8, 11, 14, 
17, 20,  23.  ^ 
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iron-pyrites,  in  which  smaller  quantities  of  arsenical 
and  of  copper-pyrites,  and  cavities  lined  with  crystals 
of  spathose  iron,  arragonite,  and  quartz,  are  enclosed 
at  greater  depths.  Through  the  siliceous  ingredients 
gold  is  mostly  distributed  *  in  much  the  same  manner 
as  through  corresponding  parts  of  the  talc-slate ;  j"  but 
sometimes  it  is  determined  to  the  crevices ;  X  which  in 
a  few  cases  are  as  numerous  as  in  the  quartz-rocks. 
Through  the  more  deeply  seated  pyritous  portions,^ 
likewise,  gold  is  (by  assay)  found  irregularly  dis- 
tributed ;  II  but  whether  these  inequalities  depend  on 
differences  in  the  sizes  or  in  the  numbers  of  the 
granules,  is  unknown ;  for  the  metal  is  so  minutely 
divided,^  that  it  is  undistinguishable  by  the  naked 

*  Fenraginoua  quarts  from  the  Camara  mine  yielded  0*000000744  its  weight 
of  gold.    AnU,  pp.  182, 247. 

t  Ibid,  p.  320. 

t  Ibid,  p.  182. 

J  «  At  a  "  gold  «  mine  in  Orange  County  "—Virginia^**  which  I  visited  the 

"  contents  of  the  Tein  became  more  and  more  pyritical  as  it  descended,  until,  at 

**  a  depth  of  one  hundred  and  twenty  feet,  no  more  quartsose  matter  appeared, 

**  and  the  entire  Tein  was  composed  of  a  finely  granulated  sulphuret  of  iron." 

FxATHXBSTOVHAUOH,  Excurrion  throttgh  the  Slave  Siatee,  u.  p.  26S. 

g  At  Ouro  Fino  the  pyrites  yielded  00000140  its  weight  of  gold. 

John  Gsobgb  GooDA.i&y  Esa.,  HSS. 
ilfi^e,  p.  184^ 

Monthly  assays  of  pyritio  ore  at  Morro  Velho  range  from  0*0000145  to  0*0000895, 

and  average 00000229, 

but  selected  spedmens  afford. ...  0  0001835. 

lUpartt  of  the  Saini  John  d*el  Bey  Company,  xxyi.— xzxn.  AtOe,  p.  197* 
Table  Via.  Treloar,  Report  <^  the  Saint  John  d'el  Rey  Company,  xjut.  p.  26. 
Ante,  p.  197,  Note  t. 

IT  **  In  some  instances  the  crystalline  structure  of  the  pyrites  is  beautifully 
**  exhibited  "  in  the  mines  of  Virginia,  **  the  incipient  decomposition  of  the  erys- 
**  tal  showing  the  complex  laminated  structure  of  the  interior,  where  bright 
**  lamina:  of  native  gold  are  seen  leaning  against  the  parietes,  with  transparent 
*'  crystals  of  sulphur  formed  from  the  decomposition  of  the  sulphuret." 

YMAtfuaAtovKA.VQU,  Excureum  throuyh  the  Slave  Statee,  ii.  p.  Z56, 
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eye.*  In  the  matrix  most  congenial  to  gold  at  Morro 
VelhOj  however,  pyrites  is  leavened  with  quartz.t 

The  North  Branch'^  and  great  part  of  the  principal 
deposit^  conform  to  the  cleavage  ||  of  the  adjoining 
8late:^  in  both  the  larger  masses**  (shoots)  of  ore 
— coinciding  with  its  undulations  tf  ('ripples) — dip 
towards  the  east ;  and  both — like  the  beds  of  Jacotinga 
at  Agoa  Quente  j;;]:  and  Gongo  Soco  §§ — are  produc- 
tive on  the  same  meridian.  Smaller  portions  of  the 
principal  formation,  however,  follow  the  joints;  ||||  and' 
in  such — as  in  the  iron-formation  at  Pitangui  ^^  and 
Agoa  Quente  •*• — the  richer  and  the  poorer  parts 
respectively,  are  bounded  by  the  edges  of  widely  dis- 
similar strata. 

(e.)  The  calcareo-siliceous  portion  of  the  /teKrifeftt 
— wrought  only  at  Cocdes  and  Gongo  Soco  in  the  same 


•  Henwood,  CwnwoU  Geol,  Trant,,  yi,  p.  144;  Londanf  Edmbvrph,  ^  DMm 
PhU.  Mag,^  XXT.  3rd  series^  p.  842. 

t  Treloar,  BeporU  qf  th»  SavfU  John  tTel  Bey  Conyoiiy,  xxx.  p.  25;  xxxi. 
p.  28.    Ante,  p.  197. 

i  Ante,  p.  191 ;  TaUe  VL  colamna  21—8. 

§  AnU^  p.  187;  TahU  VL  columns  8—11, 16—17. 

g  AnU,  p.  188. 

If  After  the  principal  deposit  and  the  Nonih  Srameh  hare  been  wrought;  it  it 
impossible  to  support,  in  its  natural  position,  the  soft,  jointed,  thin,  inclined  mass 
of  slate  (**  the  tongue  of  killas  '*)  which  dindes  them  at  the  Bahk. 

••  Ante,  p.  206;  Table  VL  columns  8—28. 

tt  Ante,  p.  207. 

it  Ante,  p,  229',  Fig.  18. 

\i  Ante,  pp.  267—8. 

11  Ibid,  p.  188. 

%%Jbid,p,  224. 

••♦  Ibid,  p.  234. 

tft  Ibid,  pp.  245,  249« 


324         W.  J.  Henwood,  on  the  Oold-Mines 

range — has  yielded  merely  a  few  thinly-sprinkled  grains 
of  gold.* 

{/.)  The  iron-formation — which  succeeds,  and  at 
times  encloses  (horsesj'^  masses  of  the  Italnrite, — 
consists  in  great  measure  of  iron-glance,:};  mixed  in 
some  places  with  smaller  quantities  of  both  black  § 
and  brown  ||  earthy  iron-ore,  in  others  with  oxydulatedlT 
and  titaniferous**  iron,  and  elsewhere  with  hydrous 
iron-ore. tt  Sometimes,  however,  the  iron-glance  is 
replaced  by  pale-brown  earthy  iron-ore ;  XX  ®^d  quartz 
— thinly  sprinkled  with  iron-pyrites  §§ — then  becomes 
a  large  ingredient. 

Where  micaceous  iron-ore  abounds  ||||  the  formation 
bears  a  schistose  character ;  and  even  when  granular 
iron-glance  is  mixed  with  earthy  ores  traces  of  lami- 
nation ^^  still  prevail ;  at  intervals,  however,  large 
bodies  are  of  crystalline  and  massive  structure.*** 

•  The  best  parts  afforded  but  00000000021  tbeir  weight  of  gold.  Ante,  p.  249. 
t  Ibid,  pp.  251,  265;  Table  VIIL  columns  3,  18,  21;  Fig,  21. 
X  Ibidf  pp.  214. 219,  221—4,  227.  237,  243—4,  247,  254,  256,  260—70,  313; 
Table  VIIL  columns  3.  6, 9. 12,  15,  18,  21. 
%  Ibid,  pp.  254,  256,  263,  314;  Table  VIII,  columns  3,  6. 12.  15,  18,  21. 

11  Ibid,  pp.  217,  223, 228,  239—42, 246, 254,  256—7, 262—7, 314 ;  Table  VIIL 
columns  6, 9,  12, 15,  18,  21. 

ir  Ibid,  pp.  214,  219,  225,  228,  237,  242,  248,  252,  257,  262,  265,  270, 314; 
Table  VIIL  columns  3, 15, 18,  21. 

••  AnUy  p.  228. 

1 1  Ibid,  pp.  225, 246, 263.    BuUeHn  de  la  SociiU  Giologique,  de  France,  xxi. 
(1863)  p.  25. 
XX  Ante,  p.  265. 
^  Ibid,  p.  256. 
Dii  Ibid,  p.  254. 
n  Ibid,  p.  269. 
•••iWd,  pp.  260,270. 
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The  auriferous  portions  of  such  crystalline  rocks 
seldom  exceed  a  few  inches  in  width ;  *  but  those  of 
the  micaceous-iron  slates  often  measure  many  feet ;  f 
and  amongst  the  granular  and  earthy  ores  they  some- 
times extend  several  fathoms.:}:  But  even  of  these  the 
greater  part  is  very  slightly  sprinkled  with  gold ;  §  for 
the  poorer  (0*999)  nine  hundred  and  ninety-nine  one 
thousandth  parts  of  the  (Jacotinga)  ore  wrought  at 
Gongo  Soco,  afforded  (only  0*323)  scarcely  one-third  || 
of  the  entire  produce. 

The  great  riches  of  this  series  have,  however,  been 
obtained  from  certain  conformable  beds,  already  men- 
tioned ;  ^  which  open,  at  intervals,  to  a  width  of  two 
or  three,  and  in  extreme  cases  of  six  inches,**  for 
several  feet,  or  even  fathoms,  in  length  and  depth.f  f 
These — partaking,  like  all  other  metalliferous  deposits, 
the  nature  of  the  adjoining  rocks — consist,  in  great 
measure,  of  iron-glance,  black  and  brown  earthy  iron- 
ore,  manganese,  and  talc ;  mixed  at  times  with  smaller 

•  AfUe,  pp.  254, 256,  270. 
t  Ante^  pp.  214,  216,  242. 
t  Ante,  pp.  227, 245,  255;  Table  VTIT.  columns  6,  15, 18. 

{  Ante,  pp.  215,  219,  222,  224,  234,  236, 242,  245,  247,  255,  257—8,  274,  277, 
281. 

The  (Jacotinga)  ore  stamped  at  Gongo  Soco  yielded  from  0*000000191  to 
0*000000765  its  weight  of  gold.    Ante,  p.  255 ;  Table  X.  column  9. 

I  ^fi/tf,  p.  277 ;  Table  JX,  columns  44— 6. 

f  Ante,  pp.  229,  262,  314,  318. 

♦♦  Ante,  pp.  228,  230—4,  246,  262—8,  314,  318;  Table  VIII.  columns  5,  8,^ 
11,  14, 17,  20. ;  Table  X.  column  13. 

ft  Ante,  pp.  216,  228,  230,  232—4,  257,  266—7,  269,  271,  279—80,  283; 
Table  VIII.  columns  6,  12, 15,  18,  21. 
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proportions  of  other  ingredients.*  The  central — which 
are  frequently  the  most  congenial — portions  of  this 
matrizi  contain  rough  (nuggets)  lumps,  flakes,  and 
granules;  sometimes  isolated,  often  clustered,  hot 
generally  united  by  intertwining  threads  of  gold.f 
Towards  the  sides  and  edges  of  the  bunches^  however, 
smaller  grains  and  particles  of  gold  are  more  thinly 
sprinkled  through  the  vein-stones ;  j:  which — ^becoming 
poorer  by  degrees  and  at  length  ceasing  to  afford  gold 
— merge,  ultimately,  in  the  neighbouring  strata.  §  At 
Gongo  Soco  the  widest  and  softest  parts  of  the  iron- 
formation  contained  several  productive  beds;  U  in 
which — as  in  those  of  the  clay-slate  at  Morro  Velho  If 
— the  richest  (shoots)  hunches  **  occurred,  as  well  on 
corresponding  undulations  ft  (flutings  or  ripples)  of 
the  {Country)  rock,  as  on  the  same  meridian.:^:];  These 
formed  in  the  aggregate  less  than  (0*001)  a  one- 
thousandth  part  of  the  ore  extracted ;  but  they  yielded 

•  AnU,  pp.  228,228, 238.  268—5, 268,  813 ;  Takk  VIIL  oolomni  6,  9, 12, 1(, 
18,  21 ;  TalbU  Z.  colomni  18, 14. 

t  Ant;  pp.  272—8 ;  TabU  VllJ.  oolomnt  6, 12, 16, 18,  21. 

X  AnU,  p.  274. 

i  Ihid,  p.  825. 

I  Ihid,  pp.  272—8 ;  Table  VIIL  columns  6, 15. 

An  English  miner,  who  afterwards  became  Captain  of  a  neigbbonring  gold- 
mine, was  one  day  found  sending  to  the  Stampi  all  the  ore  be  was  breaking; 
unconscious  that,  within  a  width  of  eight  or  ten  inches  it  contained  two  thin 
parallel  lines  of  Untffh  gold.    MSS.  of  the  late  Capt^ik  Thomas  Fbnoxllt. 

K  AfUe^p^.  188-92,  323;  Tmbls  VI.  columns  2,  8.  11,  14,  23. 

•«  At  Agoa  Quenie  the  bunchet  yielded  from  0  000379  to  0*017282  their  weight 

of  gold; 
„    aon^  Soeo         „  „  0-003278  „  0*521128       „ 

Ante,  pp.  231,  235,  279*80. 
tt  Ibid,  pp.  267—9;  Tabie  VIIL  columns  15, 18,  21. 
tt  Ante,  p.  269. 
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(0*677)  more  than  two-thirds  of  the  gold  obtained.* 
The  produce  of  these  central  portions,  therefore,  is  as 
much  above,  as  that  of  those  towards  the  sides  is  below, 
the  ordinary  yield  of  the  beds  wrought  in  talcose  slate 
at  Catta  Branca  and  in  clay-sIate  at  Morro  Velho.-f 

In  the  same  mountain-range  the  mines  of  Soares'J^ 
and  Camara  also  yield  gold,  but  on  other  meridians. 

Whether  the  auriferous  beds — occur  only  beneath 
the  surface  and  after  short  ranges  disappear  as  well 

•  Ante,  p.  977 ;  Table  IX,  oolumns  44^6 ;  Table  X.  column  15. 
t  At  Gonffo  Soco,  [of  gold; 

the  central  portions  yielded  a  firom  0*003273000  to  0*521123000  their  weight 
;,  the  exterior  „  ,,    0000000191  „  0000000765  ,,  . 

At  Catta  Branca  (1840-.1844), 

the  annual  averages  ft   ..were    „    0*000006500  ,,  0*000001900  „ 

At  Morro  Velho  (1838-1860), 
the  annual  ayerages5  ••  were    „    0  000051888^0-000018691  „ 

Ante,  pp.  179,  255 ;  Table  VIL  column  25. 
The  cost  of  materials,  labour »  &c., 

at  Gonffo  Sdeo,  from  1826  to  1836,  averaged  £25  :  18  :  0 

Morro  Velho,  „    1835  „  1860,      „  26  :    5  :  4 

per  lb.  (TroyJ  of  gold  extracted. 

Table  VIL  columns  26,  85 ;  Table  IX.  columns  46,  64,  65,  67. 

"  Sometimes  in  the  midst  of  the  poorest  minerals  we  find  very  considerable 
'*  masses  of  native  silver ;  a  phenomenon  which  appears  to  depend  on  a  particular 
**  operation  of  chemical  affinities,  with  the  mode  of  action,  and  laws  of  which 
'*  we  are  completely  ignorant.  The  silver  in  place  of  being  concealed  in  galena, 
"  or  in  pyrites  in  a  small  degree  argentiferous,  or  of  being  distributed  throughout 
'*  all  the  mass  of  the  vein  over  a  great  extent,  is  collected  into  a  single  mass* 
'*  In  that  case  the  riches  of  a  point  may  be  considered  as  the  principal  cause  of 
"  the  poverty  of  the  neighbouring  minerals ;  and  hence  we  may  conceive  why 
"  the  richest  parts  of  a  vein  are  found  separated  from  one  another  by  portions 
^  of  ffonffue  almost  altogether  destitute  of  metals." 

Db  Humboldt,  Political  Essay  on  j^  Kingdom  of  New  Spain,  in.  p.  161« 

"  Whatever  may  be  the  positions  and  dimensions  of  these  bodies  of "  (tin 
and  copper)  "  ore,  they  are  usually  altogether  isolated  and  separated  from  each 
*'  other  by  the  earthy  minerals  of  which  by  far  the  largest  part  of  every  lode 
*^  consists."— Hbnwood,  Cornwall  Geoh  Tram,,  y.  p.  210> 

I  Ante,  ]p.lS2. 

i  Ibid,  pp.  188,  247. 

a  At  the  IToiiAiM^-JkfliiM.        d  At  the  8tomp$, 

ZZ 
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upward  and  downward  as  at  both  ends,*  or — cropping 
out — are  of  great  but  unknown  length  and  depth  ;  f — 
are  but  a  few  inches, J  or  many  feet,  wide ;  § — follow 
the  joints, II  or  conform  to  the  cleavage;^  particles 
of  gold  are  disseminated  singly  through  the  iron- 
pyrites  ;  *•  but  (nuggets)  masses— of  larger  sizes  as 
their  matrix  is  of  better  quality  f  f — are  clustered  in 
the  specular  ore  they  contain,  j;;]: 

F. — Characters  of  the  vein-stones,  and  proportions  of 
gold  obtained  from  theniy  at  different  depths. 

(a.)  As  the  metalliferous  deposits  of  Morro  Velho 
are  followed  downward  they  enclose  masses  of  slate  in 
greater  numbers,  §§  become  wider  ||||   and  softer,  ^^ 


•AnU,^^.  177,  1S3,  266—7,  269,  299;  Table  VIIL  columns  13—21. 
iAnU,  pp.  178, 181, 184, 188—207,  214, 216,  301 ;  TahU  VI.  columns  3—23. 
%  Ante,  pp.  177, 183,  214,  228—32,  262—8,  299,  302 ;    TabU  VIIL  eolomns 
6,  8, 11,  14. 17,  20. 

{  Ante,  pp.  178,  182—4,  180—90,  214,  216,  240,  263—4,  801 ;    Tabie  VI 
columns  4,  7, 10, 13,  16, 19, 22. 

I  AfUe,  pp.  181, 187—8, 207,  221, 223,  232,  234,  264,  299, 301—2;  TohU  VL 
oolumn  14 ;    Table  VIIL  column  6. 

I  Ante,  pp.  177—8,  182—4,  187—8,  207,  214,  216,  221,  223,  227,  288,  244, 
251,  266, 269,  262,  266—7,  269  282,  299,  301—3;  TabU  VL  columns  6,  8,  U, 
17,  20,  28;  Table  VIIL  column  1. 

ir  Ante,  pp.  184,  194—8,  812,  318,  322;  Table  VL  columns  6,  8,  11,  14, 17, 
20,23. 

♦♦  Ante,  pp.  177.  181, 183,299,  301—2,  812,  320. 

i\Ibid,  pp.  216  Note  {,  224,  230—6,271—80,326;  Table  F///.  oolumns  6, 
9, 12,  16,  18,  21. 

Iron  pyrites contains  ...••  •  47*86  per  cent,  of  metal ; 

Earthy  brown  iron-ore  ••         „       ••••..  66*13  „  ; 

Iron-glance „       ••••••  69*00  „  } 

Philups,  Mineraloffy  (3rd  Edition,  1823),  pp.  217,  224,  231. 
Xt  Ante,  pp.  202, 212  Note  {• 

Ibid,  pp.  190, 206.        m  Ibid,  p.  199.       %%  Ibid,  p.  194. 
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afford  more  arsenical  pyrites,*  less  quartz^f  and  smaller 
proportions  of  gold. 

(6.)  In  the  shallower  parts  of  Oongo  Soco  an  im- 
perfectly lamellar  structure :{;  pervades  the  body  of 
granular  iron-glance,  black  and  brown  earthy  iron-ore, 
manganese,  and  talc ;  which — interlaid  by  these  beds, 
whence  the  great  riches  of  this  formation  are  derived,§ 
— is,  for  some  distance  beside  them,  more  or  less  im- 
pregnated with  gold.  II  Somewhat  deeper  it  is  more 
decidedly  schistose,^  and  its  chief  ingredients  are  iron- 
glance  and  talc ;  **  but  in  these  the  auriferous  bunches 
are  fewer,  smaller,  and  less  productivcft  -^^  greater 
depths  a  fissile  character  prevails;  iron-glance  is  to 
Bome  extent  replaced  by  yellowish-brown  earthy  iron- 
ore  and  oxydulated  iron,:[;:];  the  talc  is  mingled  with 
quartz,§§  and  crystals  of  iron-pyrites  occur  at  inter- 
vals; III]  but  here  the  deposit  contains  very  little  gold.if^f 
In  all  parts  of  the  mine  hard,  crystalline,  massive  iron- 
glance  seems  to  have  an  unfavourable  influence.*** 

(b — 1.)  At  Agoa  Quente  the  iron-glance — every- 
where quartzose,  hard,  and  of  schistose  structure — is 
interlaid  by  two  auriferous  beds,  usually  less  than  one- 
tenth  of  an  inch,  but  for  short  distances,  here  and  there, 

•  Ante,  p.  196.  ft  IM^  p.  265. 
t  Ibid,  pp.  201,  308  205—6.  it  IM,  pp.  265,  283. 

t  Ibid,  pp.  269,  324.  {{  Ibid,  pp.  256,  265,  267,  314,  324. 

{  Ibid,  pp.  262—8,  311,  324.  gg  Ibid,  pp.  256,  265,  314. 

g  Ibid,  pp.  263-4,  266-7,  271-80.       %%  Ibid,  pp.  256, 324. 

%  Ibid,  pp.  255, 281.  ••*  Ibid,  p.  283,  Table  VIII.  column  21. 

•«  Ibid^  pp.  255, 265.  ttt  Jinte,  pp.  270,  818, 325. 
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several  inches  wide.*  Although  they  generally  con- 
form to  the  cleavage;  one  of  them  is,  in  a  single 
instance,  slightly  deflected  at  a  short,  thin  cross-vein  of 
quartz,f  which  accompanies  one  of  the  joints.  The 
narrower  parts  consist  chiefly  of  earthy  brown  iron-ore, 
iron-glance,  and  talcose  clay ;  mixed,  sometimes,  with 
small  quantities  of  titaniferous  iron.;]:  The  broader 
portions  likewise  contain  iron-glance  and  earthy  brown 
iron-ore;  but  ozydulated  iron,  manganese,  talc,  and 
felspar  clay  are  also  abundant ;  and  quartz  is  seldom 
wanting.^  In  these  grains  and  small  nuggets  are  im- 
bedded; sometimes  singly,  but  frequently  they  are 
strung  together  by  interlacing  filigranes  of  gold.||  The 
clusters,  however,  are  fewer  and  smaller  as  their  matrix 
— partaking  the  character  of  the  neighbouring  rock 
and  of  the  cross-vein — becomes  more  and  more  quartz- 
ose  at  greater  depths;^  but  in  both  the  beds  these 
bunches  occur  on  the  same  parallels.  From  such  groups 
some  twenty-nine-thirtieths  (0*966)  of  the  entire  pro- 
duce are  obtained.**  About  one-thirtieth  (0*033)  is 
also  extracted  from  the  adjoining  rock ;  which  for 
short  distances  beside  the  richest  bunches  is  thinly 
sprinkled  with  gold.ft 

•  Ante,  pp.  230^2,  235.  {  Ibid,  pp.  228,  230,  238. 

t  Ibid,  pp.  232—4.  B  Ibid,  pp«  229,  233. 

%  Ibid,  p.  230.  %  Ibid,  pp.  229—36. 

**  Beports  of  the  Imperial  Brazilian  Mining  Aasociation,  slit.  p.  7 ;  XX.T 
p.  7 ;  XLTi.  p.  10 ;  zlyii.  p.  7 ;  zltiii.  p.  6  ;  xlix,  p.  9 ;  L.  p.  7 ;  u.  p.  10 ; 
X.II.  p.  7 ;  LIU.  p.  18. 

tt  **  The  riches  seem  noivhere  to  extend  far  ixoni  the  Jaco^iVi^a.*'— HxzrwooDi 
Ibid,  XLUi.  lecond  part,  p.  2. 
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The  following  columns  show  the  proportions  of  gold 
afibrded  by  ore  produced  at  different  depths,  in  the 
day-slate  at  Morro  Velho  and  in  the  iron-slate  at 
Gongo  Soco  and  Agoa  Quente. 


Clay-Blate« 

A 


Morro  Velho. 


■^  r 


Iron-slate 


Depths. 


Sozikoe  to  50-0 

60-  „  1000 

100* ,,  142*8 


Proportionate 
yield  of  gold 
1^  crude  ore.* 


0*956 
0*912 


Gongo  Soco, 


Depth, 
fioas. 


7  to  21 
21  „  41 
41  ,,  65 


Proportionate 

quantity  of  gold 

extracted  by  each 

European  miner.' 


1* 

0-790 
0*450 


Agoa  QumU0. 


Depth, 
fmf. 


12  to  27 
27  „  37 
37  „  43 


Proportionate 
quantity  of 

gold 
•xtncted4 


1* 

0*462 

0*283 


Thus,  at  progressively  greater  depths,  the  productive 
beds — so  far  as  they  are  yet  wrought — continue  to  yield 
smaller  averages  of  gold.  And  these  decrements  are 
much  more  rapid  when — as  in  the  Jacotinga — rich 
hunches  are  aggregated  in  narrow  layers ;  §  than  where 
— as  in  the  quartzose  and  pyritous  deposits — gold  is 
more  generally  diffused  through  the  matrix.  || 

G. — Quality  of  the  gold  in  different  rocks  and  at 

different  depths. 

(I.)  Quality  in  various  rocks.  The  gold, — although 
disposed  in  much  the  same  manner, — is  of  somewhat 
different  quality  in  every  member  of  the  system. 

•  AnUt  pp.  205—6,  328 ;  TaXdo  X.  column  15. 

t  AtUo^  pp.  284, 329 ;  Table  X.  column  15. 

%  BeporU  of  the  Imperial  Brazilian  Mining  AuocioHon,  xuv.—Liix.    Anie, 
pp.  227—235 ;  Table  X  column  15. 

%  Ante,  pp.  215  Note  f ,  216  Notes  1 1, 223, 227-285, 268-8, 271-4, 279*80. 

I  Ibid,  pp.  184, 194—8. 
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Rodu. 


Granite 


•  •  •  • 


TtlOOM  %\tU< 

Qaarts-rook  •• 

r 

CUy-slate     << 


T«la-«toiMi. 


Granite— oxydttlated  iron     •  •  • 

Quarts^-earthy  brown  iron-ore — 
talc  t  (Lower)   •  • 


Quarti— talo — brown  and  black 
earthy  iron-ore  }  (  Upper)  •  •  • 


Iron-tlate 


{ 


Qoalltiafc 

^  — 


22  0-3—22  3-9 

20  3-0)     — 
—       23  3-5 


Quarti— red  iron-ore  ...•••••• 

Quarts— earthy  brown  iron*ore1[« 

Quarts  —  iron*  pyrites  —  copper- 
pyrites — arsenical  pyrites**.. 

Iron-glance  —  earthy  black  and 
brown  iron-ore,  talc,  and  man 
ganese  ••...••.••• ••., 


20  0-0tt20  3-0tt 


22  2-6« 


22  1*2 


23  00 1 


20  2-0 


218-5 


These  averages  must,  however,  be  regarded  only  as 
approximations. 

In  the  granite,  in  both  the  talcose'  slates,  and  in  the 
quartz  rocks,  the  gold  is — with  a  few  exceptions — of 
somewhat  greater  purity  than  in  the  clay-slates  and  in 
the  iron-formation.  And  the  enormous  produce  ot 
Motto  Velho  is  of  inferior  quality  to  the  yield  of  smaller 

«  Feroival  Norton  Johnson,  Esq.,  F.R.S.,  MSS.    Cock,  London,  JBtUnbwyhf 
and  Dublin  Phil.  Mag.,  3rd  Series,  xxiix.  p.  16.  Ante,  p.  176. 

t  PerciTal  Norton  Johnson,  Esq.,  F.R.S.,  MSS.     Table  2.  column  16. 

t  Lower  talcose  slate.    Ante,  pp.  176<— 80;  Table  X  column  16, 

f  Upper  talcose  slate.    Ante,  pp.  208 — 304 ;  Table  X  column  16. 

II  Ton  Spix  und  Ton  Martins,  Eeise  in  BratiUen^  i.  p.  408.  AnU,  p.  180; 
Tahle  X,  column  16. 

^  In  talcose  day-slate.    Ante,  pp.  182—8. 

♦♦  Table  VIL  columns  27—9. 

ft  ToMs/X  column  47. 

Xt  Senr.  Guarda-mdr-Geral,  Manoel  Joz6  Fires  da  SiWa  Fontes,  ^0^070  dai»f 
Provincee  deRiode  Janeiro  et  de  Minas  Getae$  (Saint  Hilaire),  i.  p.  273.  And 
Note  t ;  Table  X  column  16. 

During  the  year  1848  the  gold  ohtaiaed  near  Itabira  ayeraged  about  20  carsO 
fine. 
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mines  in  other  parts  of  the  clay-sIate.  In  like  manner 
the  large  quantities  obtained  at  Oongo  Soco  are  of 
lower  assay  than  the  returns  of  inconsiderable  deposits 
in  the  iron-slate  elsewhere. 

The  calcareous  strata  are  so  thin,  and  the  proportion 
of  gold  they  afford  is  so  small,  that  its  character  has 
never  been  determined. 

Respecting  the  fineness  of  gold  contained  in  distant 
parts  of  any  single  formation  at  the  same  horizon,  we 
know  but  little.  Tables  VII.  and  IX. — compiled 
from  Reports  of  the  Suint  John  d'el  Rey  Company*  and 
the  Imperial  Brazilian  Mining  Association  f — supply, 
however,   the  means  of   ascertaining   approximately 

(2.)  The  quality  of  gold  obtained  at  different  depths 
in  two  of  the  largest  and  most  productive  mines. 


Clay-ilate.| 
Morro  Velho, 
Qnaltty  of  gold. 

A 

Depth, 
ftnf. 

IronHilate.§ 

OonffoSooo. 

Quality  of  gold. 

Depth, 
fknia 

AfltnaL 
carats  gfains 

OompantlT*. 

AetuaL 
carats  grains 

OomparatlTe. 

Surface  to    50*0 

60*  „  100-0 

100-  „  142-8 

18  8*687 

19  0183 
19    0228 

1-0 

1*006 

1008 

41  to  48 
48   „  70 

21     0*448 
20     1*774 

1,0 
0-968 

Whether  the  improvement  in  quality  which,  at 
progressively  greater  depths,  gradually  takes  place  in 
the  gold  of  one  mine,  or  the  decline  in  that  of  the 
other ;  is  owing  to  diflferences  in  the  strata,  ||  the  vein- 

•ym.— zzzi.    fxY.— Lxii.     { iift<«,  pp.  206, 285 ;  Tai20  X  column  16. 

{  Ant€,  p.  285 ;    Tabh  X,  oolumn  16. 
I  Ant0,  pp.  185, 25426-2, 269, 312-18, 321, 824. 
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stones,*  and  the  alloys^f  or  to  other  causes  ;j:  can 
hardly  be  discussed  with  advantage,  in  the  present, 
imperfect,  state  of  our  knowledge. 

H. — The  alloys  of  gold  in  various  rocks  and 

at  different  depths. 

(1.)  Nature  and  proportion  of  alloy  in  various  rocks. 


Rock. 


Granite 


Ttlooie'ilate^ 


Allof. 


Natara. 


Palladium 


Silver  .. 
Tellurinm 
Antimony 


—  I) 

Bismuth  ..••  IT  j 
Tellorium Cmv^J  < 


Qoart>>roek  •  • 
Glay-alate.... 


surer 


SflTer •♦tt  •• 


Proportion  of 


0060000— 008000^ 


0179300— 0-205000 


0*070000 

0  114583 
0020834 


} 


Traeei. 


Traeet. 


0*194200 


•  Jkid,  pp.  194,  262—7,  818,  818,  326.     t  Hid,  pp.  206,  286 ;  Poftei,  ^  336. 

t  Ante,  pp.  100,  267,  270,  310. 

i  Percival  Norton  Johnson,  Esq.,  F.R.S.,  F.O.8.,  &c.,  MSS.      Cock,  Lonioii, 
EdifUfurgh^  and  Dublin  PMl»  Mag,^  3rd  Scries,  xxni.  p.  16. 

I  Peroival  Norton  Johnson,  Bsq,,  F.B,S.,  F.G.S.,  &c.,  MSS. 

%  Ante,  p.  180. 

••  John  Hockin,  Esq.,  Managing  Director  of  the  Saint  John  d'el  Bey  Company, 
MSS.     Table  VIL  columns  2,  31. 

tt  Analysis  of  gold  from  Mcrro  Velko  (October,  1864). 

Gold • 0-7490 

SilTer    0-1793 

Lead 00180 

Bismuth    0*0136 

Copper • 0-0046 

'Antimony     • 0-0030 

Arsenic    0*0106 

Iron  ••••... •••.  0  0196 

Mercury  (traces)  and  lost •••••  0-0018 

1- 

JoHV  BoCKzv,  Es^,  ICanaglog  Director  of  tlie  Saint  John  d*el  Ssy  OoBBpaay,  MSS. 
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Bock. 


Clay-slate  •  •  •< 


Iron-tUte . . 


AUof. 


Ntture. 


Copper * 

Lead • 

Bismuth  ..•..•••.•••  * 

Antimony    * 

Araenio    t»« * 


Silver    f  •• 

Palladium ft  .. 

Copper i  •• 

Flatlna f  .. 


Proportion  of  miai. 

A. 


0044884--0-083833 
0038929—0  048064 
0019444^0*037413 
0000407—0001276 


Heana. 


Traoei. 


0*053704 
0*042100 
0025374 
0*000811 


Thus  silver  is  more  or  less  plentiful  in  every  member 
of  the  succession,  II  except  the  first 


•  AnU,  p.  334,  Note  ft 

t  Beportiofihe  Imperial  Bragilian  Mining  AtadeiatioHf  X7x.-xxxi.,  Financial 
Statements.    TaiU  IX,  columns  47—50.    AnUe,  p.  238. 
I  Ante,  p.  215. 
§  Ibid,  p.  334,  Note.| 

I  The  mine-gold  of  Siberia  is  alloyed  with  silTer,  copper,  and  iron  in  the  follow- 
ing proportions  :— 

Xetsls,  and  their  proportioBs. 

t ^ > 

Hinei.  Gold.  BUver.         Copper.         Iron*  Totals. 

Hiel    0-8740  ..  0*1260  ••      ^      ••      —      ..  1*0000 

v...i.i««-A  i  0-9295  •.  0*0705  ..      —      ..      —       ..  1*0000 

xvewtofiM J  0.g3^  ^^  ^.jQg^  ^^  ^,^Qg  ^^  Q^^  ^^  Q.^973 

n^^^-  J  0-9188  ..  0*0803  ..  0*0009  ..     —  ..  1*0000 

'^^'^    \  0-^78  ..  0*0594  ..  00008  ..  0*0004  ..  09984 

Kathariimlrurg 0-9280  ..  0*0702  .«  0*0006  ••  0*0008  ••  0*9996 

fliKnmoiosii (Altai)    ..  0-6098  ••  0*3838  ..  00038  ••     —  ..  0*9969 

"  L'or  et  la  platine  se  pr^sentent  dans  rOural  tres-fr^quemment  dans  les  mdmes 
"  localit^s,  il  pouvait  arriver  que  ces  deux  mfttaux  se  trouvassent  aussi  combines 
«  chimiquement."     •  •  • 

"  n  paralt  que  Tor  natif  contient  tovjours  an  moins  une  petite  quantity  d'argent* 
"  de  cuiYre,  ou  de  fer."    •  •  ♦ 

"  En  g&n^ral  la  pesanteur  sp^ciflque  de  Tor,  lorsqu'il  a  6t5  fondu,  est  nn  pen 
<'  plus  grande  que  celle  de  Tor  tel  que  le  pr6sente  la  nature.'*    •  •  • 

'<  L'or  que  se  trouTe  dans  les  filons  a  aussi  une  composition  diff^rente  dans  les 
**  diyerses  parties  d'une  m£me  mine.**    •  •  • 

OtrsTATB  Boss,  Annales  des  Mines,  3me  Sftrie,  y.  p.  pp.  157—170. 

"  L'ox  et  I'argent  se  trourent  unis  ensemble  dans  la  natnre  sons  forme  de  cris- 

AAA 
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Copper  appears  in  the  fourth  and  fifth  strata ;  but  in, 
at  leasts  one  instance*  it  is  mixed,  rather  than  alloyed 
with  the  gold. 

Bismuth  and  antimony  are  not  uncommon  in  the 
second  section ;  f  and  both,  as  well  as  lead  and  arsenic, 
are  met  with  in  the  fourth.:|; 

Palladium  occurs  in  the  first  individual  of  the  system ; 
and— unrecognised  in  the  intermediate  formations- 
abounds  again  in  the  fifth.§ 

Tellurium  abounds  in  the  second ;  and, — ^undetected 
in  any  intervening  deposit — re-appears  in  the  last 
member  of  the  series ;  but,  as  in  the  upper,  it  is  also 
sometimes  mixed  with  the  gold.|| 

**  tauz,  en  tontes  sortes  de  proportlona,  *  *  *  •  En  g^niral,  les  crxsttni 
«<  dod(&ca6dres  sont  les  plus  riches  en  or,  et  lis  n'en  renfennent  pas  moins  de  0'91> 
"  Viennent  ens uite  let  t^traddres,  puis  les  octa^dres.** 

AwDiBF,  Armakt  de»  Mvm$,  4me  S^rie,  ni,  p,  845. 

•  yon  Eschwege,  PUOo  BranUemit^  p.  298.    Ante,  p.  286. 

t  Ante,  p.  180. 

X  John  HocUn,  Esq.,  Managing  Direotor  of  the  Saint  John  d'el  Bey  Companj, 
MSS. 

{  "  When  the  Council  determined  in  1845  that  Palladium  was  the  fittest  sub- 
"  stance  to  employ  for  the  WoUaston  Medal,  Mr.  Ferciral  Norton  Johnson, 
"  F.G.S,y  expressed  a  wish  to  present  Palladium  Cor  that  object,  as  a  token  of 
**  Us  grateful  esteem  for  Dn  WoUasCen.  The  Palladium  presented  then  being 
"  at  length  exhausted|  Mr.  Johnson  has  again  most  handsomely  o£fered  to  present 
"  the  Society  with  the  requisite  metaL^' 

Quarterly  Journal  of  the  Oeological  Society  of  London^  yxi.  (1851)  p.  3. 

This  palladium  was  separated  from  the  gold  of  Oongo  Soco, 

I  The  thieves  by  whom  a  large  consignment  Arom  Catta  Branca  was  stolen  on 
Its  arriyal  in  London,  were  traced  and  conticted  from  Mr.  Johnson's  knowledge, 
that  the  gold  was  associated  with  tellurium. 

^  From  amongst  the  stamped  ore  of  Caita  Sranea  I  picked  out  partides  oi 
**  tellurium."— Pbboiyal  Noktoxt  Johnson,  Esa.,  F.B.S.y  F.G.S.,  Ac,  MSS. 

In  Tlrginia  the  talcose  slate  is  also  interlaid  by  beds  of  quart* ;  which,  at  the 
Gamett  ^  Moeeley  mines,  afford  gold  alloyed  in  like  manner  with  tellurium. 

Pottea, 

Henwood,  Cornwall  CM.  Jhmt,,  nx.  p.  228.    Ante,  p.  180. 
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Platina  is  peculiar  to  comparatively  shallow  parts  of 
the  fifth  group ;  but — occurring  even  there  in  small 
proportions, — it  gradually  disappears  at  greater  depths ; 
although  the  other  metals,  with  which  it  had  been 
associated,  still  abase  the  gold  at  a  yet  lower  horizon.* 

Platina  and  palladium  are  sometimes  accompanied 
by  minute  quantities  of  still  rarer  metals ^f  but  whether 
these  exist  in  this  district  is  unknown,  as  the  gold  is 
seldom  examined  for  other  than  commercial  purposes. 

The  following  columns  show  the  alloys  natural  te 
every  member  of  the  auriferous  system : — 


Rocks. 

A 

r 

1 

1 

t 

Alloys. 

Granite. 

Tateose  slate.  ( 
{Lower,) 

C^uarts-rock.  Glaj-slata. 

Iron-slate. 

Talcote  slate. 
{Upper,) 

• 

Totals. 

SilTer     .  • 

«. 

• 

• 

• 

6 

Copper  .. 

— . 

? 

— 

• 

? 

2 

Antimony. 

— 

• 

— 

M^ 

— 

? 

2 

Bismuth  • 

— 

• 

— 

— 

? 

2 

Lead 

— 

? 

— 

— 

? 

1 

Artenie  •• 

— 

— 

— 

— 

— 

1 

Palladinm 

• 

— 

— 

— 

• 

— 

2 

Tellurium. 

— 

« 

— 

— 

• 

2 

Platina  .. 

— 

— 

— 

— 

• 

— 

1 

Totals.. 

1 

4 

1 

6 

4 

2 

is 

*  AnU,  p.  286 ;  Tixble  IX.  columns  48—50 ;  Table  X  column  17. 

t  Tennant,  Phil.  Trans,  xcnr.  (1804)  pp.  414,  416.   WoUaston,  IHd,  p.  419. 
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It  has  been  already  shown*  that  portions  of  the 
auriferous  beds  sometimes  follow  the  joints  for  short 
distances,  and  thus  intersect  kindred  strata ;  but  they 
never,  in  a  single  instance,  extend  to  even  one  other 
member  of  the  system.  Nor,  indeed,  are  adjoining 
rocks,  of  diverse  character,  ever  rich, — or  niore  than 
slightly  productive, — in  the  same  neigh bourhood^t 
The  different  alloys  characteristic  of  gold  in  imme- 
diately sequent  groups,  therefore,  occur,  generally  in 
distant  districts. 

(2.)  Proportion  of  alloy  at  different  depths. 


Clay-slate. 

Iron-slate. 

Morro  Velho, 

Oongo  Soeo.Ji 

Nature  and  propprtion 
of  allof. 

Nature  aad  proportloii 
of  aJlof. 

A                                    1 

Depth. 

fins. 

r 
SllTer. 

Gopper, 
Lead,<cG.| 

Depth, 
ftns. 

r 
Sflrer. 

PUtina. 

PaUadium. 

•       1 
Oopper.f 

0*019444       ' 

50*  to  100* 

0*192400 

? 

41 

0-068814 

0001276 

0038929 

100*  „  142-8 

0-199800 

— 

48 

0054759 

0000711 

0-041974 

— 

66 

0047614 

0000407 

0042700 

— 

62 

0044884 

— 

0048054 

0-037413 

Means  •  •  •  • 

0-19420*0* 

? 

— 

0052991 

0000811 

0*042100 

0025374 

•AfOe,  pp.  181, 187,  223,  264,  298,  301—2,  311,  318—19,  321,  323. 

t  Ibid,  p.  174. 

X  Ibid,  p.  206 ;  Table  VII.  eolTinms  2,  30 ;  Table  X  column  17. 

^  John  Hockin,  Esq.,  Managing  Director  of  the  Saint  John  d'el  Bey  Compaflry 
MSS.    Ante,  p.  334. 

g  Ante,  p.  286 ;  Table  JX  columns  48—51 ;  Table  X  column  17. 

%  Perciyal  Norton  Johnson,  Esq.,  F.B.S.,  &o.,  MSS. 

**  "  A  Oold-Hill  (Califomie),  on  exploite  un  gtte  remarquable  par  la  grande 


». 
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The  foregoing  details  supply  less  information  than 
might  have  been  desired ;  but  they  embody  all  within 
reach. 

The  proportion  of  each — irrespective  of  every  other 
— alloy,  at  various  depths,  in  rocks  of  the  same,  and 
of  different,  series ;  may,  perhaps,  be  more  readily  seen 
in  the  following,  than  in  the  foregoing,  columns. 


*'  quantity  d*or  qu'il  a  fourni  dhs  lea  affleorements.    Ce  glte  se  compose  d'une 

"  s^rie  de  Teines  de  quarti  juxiapos^es  Tune  k  l*autre|  sortant  d'un  terrain  de 

''  sehietes  m^tamorphiques  au  pied  d'un  roc  ^leT6  de  diorite.    Ce  gisement  m 

<•  prdsente  conune  un  puissant  filon  reconnu  sur  180  metres  de  long,  large  de 

"  prSs  de  40  mitres,  incline  de  45°  du  c6t^  de  la  diorite  Eruptive,  et  pr^sentant 

''  une  masse  de  quartz  aurifire  d'au  rooins  25  mdtres  de  large.   Le  gtte  est  coup^ 

"  en  deux  par  un  banc  de  schiste  vein^  de  quartz,  ayant  15  metres  de  large.    La 

"  partie  qui  est  au-dessus  de  ce  banc  be  schiste  se  compose  de  deux  filons  de 

"  quartz  compacte  de  1  ik  3  metres  de  puissance,  comprenant  entre  eux  une  veine 

*'  de  2*6  2l  4  metres  d'^paisseur,  formde  d'un  sable  quartzeux  crjstallin,  empAt^ 

"  par  de  Targile  et  de  Tozyde  de  fer.    Ces  argiles  contiennent  aussi  par  places 

"  de  Tozyde  de  manganese  en  essez  grande  abondance  pour  lea  colorer  en  nolr. 

"  Les  deux  filons  de  quartz  compacte  sont  aurifSres,  mais  infinement  moins  riche 

'*  que  la  veine  qu'ils  comprennent,  sur  laquelle  s'est  concentr6e  Texploitation.*' 
«    •    « 

'*  La  parti^  du  gite,  situ6e  an-dessons  du  banc  de  schiste  qui  le  recoupe  en 
*'  deux»  renferme  trois  filons  de  quartz  compacte,  comprenant  entre  eux  deux 
"  autres  Teines  argileuses  et  quartzeuses,  qui  sont  encore  celles  de  plus  grande 
"richcsse."     ♦    •     • 

"  On  trouTe  h  Oold-Hill  un  exemple  remarquable  de  ce  fait  que,  dans  certains 
«  filons,  Ik  mesure  que  les  travaux  gagnent  la  profondeur,  Vor  diminue  et  Targent 
«  augmente.  Ainsi,  k  Gold-Hill,  les  proportions  relatives  de  Tor  et  de  Targent 
**  ont  yari^  comme  suit : 

"  Pres  des  affleurements or,  651 ;  argent,  300 ; 

"  A  20  mdtres  de  profondeur ••••   „  462;      „        450; 
"A  60      „  „  ...•  „     83;      „        931." 

*'  Ce  gisement  de  Gold-Hill  n'est  pas,  k  proprement  dire,  un  veritable  filon, 
"  les  travaux  faits  pour  le  reconnaltre  ont  montr6  qu'il  ne  s'^tendait  pas  au  del4 
**  de  200  mitres  en  direction,  et  que  sa  puissance  allait  en  diminuant  rapidement 
"  du  milieu  du  glte  k  ses  extr^mitis,  de  sorte  qu'on  doit  consid6rer  cet  amas  de 
**  quartz  aurifire  coxnme  un  gUement  de  contact" 

Lava,  AnnoU^  det  Minee,  6me  S^rie,  iii.  pp.  428—30. 
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Clay-ilate. 

Iron-sUte. 

Mom  V•^ho,^ 

Chngo  Soeo^X 

Natui*  and  proportion 
of  allof* 

—  -*- 

Depth, 
ftnt. 

Nfttim  ftod  praporCiOB 

of  BUOf. 

-*- 

Ana. 

f            -"^ 
BUror. 

Oopp«r> 
LMd,  lee.t 

BUtw. 

FlatiniL 

PBlIadinnk 

-» 
Copp«r.j 

60'  to  100* 

1* 

r 

41 

1- 

1* 

1* 

1- 

100*  ^  142  8 

1020 

— 

48 

0*931 

0*667 

1078 

— 

56 

0-809 

0*319 

1*097 

— 

62 

0-768 

— 

1234 

1-924 

1*009 

f 

— 

0*901 

0-636 

1*081 

1*805 

Whether  the  gold  which,  in  similar  vein-stones  and 
rocks,  is  associated  with  the  same  metals  in  different 
parts  of  the  Province ;  ||  as  well  as  that  which,  in  other 
matrices  and  strata,  contains  different  alloy,  in  the 
same  neighbourhood  ;  ^  assumed  its  present  place,  at 
various  times,^^  or  at  once, — however  inviting  as  a 
subject  for  speculation — can  scarcely  be  discussed,  with 
advantage,  in  a  descriptive  memoir. 

I.  CrosB-veins, 
such  as  those  which  intersect  the  strata,  for  considerable 


*  AfiU,  p.  838,  Note  ••      f  Ihid,  Note  f.      1 1^,  Note  %.      Und,  Note  {• 

I  Ariie,  pp,  176—80,  298^304;  184—209 ;  214—98. 

%  Ibid^  pp.  179—80, 184;  177,  181—2,  237--41 ;  182—3;  248—96. 

**  *'  II  est  dono  possible  que  ces  filons  (de  la  mine  de  Beruow)  aient  ^t^  fonn^s 
*'  2k  diTeraes  ^oques." — Gustayb  Boss,  AnnaUa  des  Minss,  3me  S^rie,  y.  p.  169. 

*'  We  beliere,  that  with  the  present  amount  of  evidence,  it  would  be  unsafe  to 
"  attribute  the  origin,  of  either  platinum  or  gold ''  (in  the  Ural),  «  exclnsiTely 
*<  to  one  mode  of  formation." — ^Hukchisok,  dbYbbvbuxl,  Sc  ton  Kbtssbliko, 
Iiu$iia  in  Europe  ^  the  Ural  MoutUaint,  p.  484. 
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distances,  in  other  countries;*  are  unknown  in  tin's 
district 

In  the  granite  of  Candongay'\  nevertheless,  portions 
of  the  auriferous  beds, — which,  at  intervals,  assume 
abnormal  directions,  and  are  poorer  than  the  rest, — 
have  been  sometimes  supposed  to  be  affected  by, — or 
even  to  be  themselves — crosS'Veins.'][. 

At  the  Camara  mine  short,  conformable  beds  of 
gold-bearing  quartz,  often  end  abruptly  at  the  joints ; 
but  are  now  and  then  rediscovered,  in  contiguous  slices 
of  the  clay-slate,  by  turning  towards  the  righUhand ;  § 
sooner  or  later,  however,  they  all  disappear. 

Both  the  Itabirite  and  the  Jacotinga  are  traversed 
by  cros&'Veins  of  quartz ;  which,  at  Agoa  Quente  \\  and 
Oango  Soco,^  seldom  exceed  a  fathom  in  length  or 
depth,  and  are  generally  less  than  an  inch  in  width. 


*  Thomas,  Survey  of  the  Mining  Dittriet  from  Chaesfoater  to  Camborne,  p.p. 
22—3.  Carae,  ComwaU  GeoU  Trona.t  ii.  pp.  108—9.  Forster,  Section  of  the 
Strata  from  Newcastle  to  Croee  FeU,  pp.  73»  112,  206.  Phillips,  Geology  of 
Yorkshire,  Fart  xx.,  pp.  99,  104,  107—8,  110—15.  Fox,  Bqtort  of  the  Soyal 
ComtoaU  Polytechnic  Society  (1836)  p,  88.  De  la  Beche,  Report  on  the  Oeoloyy 
of  ComwaU,  Devon,  %  West  Somerset,  p.  803.  Henwood,  ComwaU  Oeol.  JVans., 
Y.  p.  255.  Smyth,  Records  of  the  School  of  Mines,  i.  pp.  376,  394 — 9.  Moissenet, 
AnndUs  des  Mines,  5me  S^rie,  zi,  pp.  378—80—6,  592 — 6—8.  Wallaoe,  On 
the  Oeological  Structure  of  Alston  Moor,  pp.  56, 104.    Ante,  pp.  124 — 6. 

Mr.  Carne's  Memoir  was  communicated  to  the  Boyal  Geological  Society  of 
Cornwall  in  1818 ;  Mr  Thomas's  work  appeared  in  1819 ;  but  Mr.  Fox  inci- 
dentally shows  (ComwaU  Oeol.  Trans,  ii.  PI.  i.  Remarks),  that  the  latter  had 
been  published,  before  the  former  was  put  to  press, 

\Ante,^^.  176,811,320. 

X  H.  yon  Helmreichen,  MSS. 

%  Ante,  pp.  183,  247,  327 ;  Fig*  X4. 

Mtt^«PP*225— 6;  Fig,  17. 

S  Ante,  pp.  286—7 ;  Fig,  25. 
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• 
By  some  of  these  the  strata  are  simply  severed ;  but 
by  others  they  are  slightly  displaced,  and  in  such  cases 
each  bed  in  the  upper  side  (hanging-wall)  occupies  a 
higher  relative  position  than  its  counterpart  in  the 
lower  side  (foot-wall)  of  the  cross-course.  But,  small 
as  the  displacements  are,  they  diminish  by  degrees  and 
at  length  disappear ;  *  as — from  their  centres  towards 
their  circumferences — the  cross-veins  gradually  decline, 
and  ultimately  merge,  as  well  upward  and  downward 
as  at  either  end,  in  undisturbed  layers  of  quartz. 


DETRrrAL  Gold. 

In  the  beds  and  banks  of  rivers,  as  well  as  on  the 
declivities  of  many  mountains,  the  rock  is  covered 
with  (^Cascalho)  sand,  gravel,  pebbles,t  and  subangular 


•  Henwood,  ComwdU  Oeol,  TratUt  v.  pp.  88,  381. 

t "  WhereTer  the  margin  formed  a  flat,  or  level,  the  C€Ucdlho  oontinaed  under 
*'  the  surface  to  some  distance,  appearing  like  a  continuation  of  the  bed  of  the 
<*  river,  ivhich,  in  all  probability,  it  Tras,  as  the  river  is  known  to  have  been  much 
«'  wider  formerlj/'^MAWB,  Jhivelt  in  Brazil,  p.  268. 

"  On  trouvait  autrefois  beaucoup  d'or  dans  le  voisinage  de  la  riviere  de  Caetd." 
Db  Saikt  Hilai&b,  Voyage  dam  le  district  de$  Diamans  el  sur  le  litteral 
du  BrksU,  I.  p.  127. 

''  Congonhas  do  Campo  doit  sa  foundation  k  des  mineurs  qui  trouvirent  beau- 
**  coup  d'or  sur  les  rives  du  Kio  de  S.  Antonio,  alnsi  que  sur  celles  du  Rio  das 
**  Congonhas  et  tout  autour  du  village :  le  flanc  des  momes  d<^chir6,  boulevers^ 
«  de  toutes  les  mani^res,  atteste  assez  les  travaux  des  ces  hommes  aventureux." 

Ibid,  p.  201. 

Yon  Eschwege,  Annalet  des  Mines,  Yin.  p.  409 ;  Pluto  Srasiliensis,  p.  229. 
Gardner,  Travels  in  BrasU,  pp.  605—6.  Claussen,  Bulletins  de  VAcadlme 
JReyale  de  Bruxelles,  yiii.  Ire  partie,  p.  335. 

«  The  gold  alluvia  of  the  Ural  (sand  it  can  very  rarely  be  called)  is  a  gravel 
"  seldom  less  coarse  than  that  around  London  and  in  the  east  of  England,  and 
*^  for  the  most  part  a  shingle,  composed  chiefly  of  moderately-sixed  fragments  of 
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rocks*  of  larger  size,  imbedded  in  ferruginous  clay. 
AH  these,  as  well  as  the  particles  and  grains  of  gold 
mixed  with  them,  may  be  traced  to  their  parent  strata 
in  the  neighbouring  Serras.^ 

Beyond  these  beds  of  (Cascalho)  detritus  the  first 
seekers  for  gold  did  not  extend  their  labours. 

Early  in  the  last  century,  however,  the  forests  were 
recklessly  destroyed  %  by  the  (MogeirosJ  farmers.  Laws 

'*  the  adjacent  rocks."-— Murohison,  dbYebnbuil,  &  yon  Kbtbsbuno,  RusHa 
in  Europe  and  the  Ural  Jfonntotni,  i.  p.  476. 

"  Le  tenain  dilu^en  ancien  se  compose  d'tme  s^rie  de  couches  de  galets  de 
"  sables  et  d'argiles  snperposSes  le  plus  souTent  par  ordre  de  grosseur.  •  •  • 
"  Tout  ce  terrain  renferme  de  I'or.  Les  couches  les  plus  riches  sent  toi:gour8 
"  celles  de  galets  au  de  gros  graviers." — Lovr,  Du  ffieement  de  For  en  CaKfonUe, 
Annalee  desMmea,  6me  S^rie,  iii.  p.  411. 

*  "  There  is  a  difference  between  the  eaacalko  in  the  mountains  and  that  in  the 
"  riTers ;  the  embedded  stones  in  the  mountain-ccMooMo  are  rough  and  angular, 
**  but  in  that  of  the  riTcrs  they  are  rounded." 

Manobl  Fzrkbiba  da  Camaba,  Bittory  of  BratU  (Southey),  m.  p.  827. 

t  Between  Inficionado  and  Bento  Bodrigues  *<  I  saw  but  little  soil  fit  for 
"  plantations,  it  being  generally  of  a  clayey  nature,  intermixed  with  a  ooane 
"ferruginous  graTel,  or  the  d^brie  of  the  schistose  rocks  of  the  Serra"  de 
Cara^;  *'  and  ererywhere  this  soil  has  been  turned  up  in  search  of  gold." 

Gabdnbb,  Draveli  in  Bragil,^.  506. 

«  Unlike  ^  ^  ^  other  chains  which  burthened  with  much  detritus  hare  cast 
"  off  portions  of  it  to  great  distances  from  their  flanks,  the  sides  of  the  Ural  are 
"  void  of  all  such  far-transported  or  rounded  blocks ;  every  loose  fragment  haying 
«  been  deriyed  from  an  a^acent  eleyation,  and  haying  been  usually  washed  down, 
"  in  strict  relation  to  the  chief  existing  features  of  the  land.  In  fact  the  term 
**dr^  is  not  correctly  applicable  to  these  Uralian  masses,  which  are  purely 
"locaL" — ^MimoEisoN,  db  Ybrnbuil,  ft  ton  Kbysbblino,  Butaia  in  Europe 
and  the  Ural  Mountains,  i.  p.  476. 

**  to.  couehe  aurif^re  d'Akstafa  (au  sud  du  Caucase)  est  reeourerte  d'alluyions 
"  improduetiTes  form6es  de  deux  couches  superpos6es,  sayoir :  un  mdtre  d'argile 
**  grise  et  un  m^tre  de  galets  diss6min^  dans  la  m^me  argile.  La  composition 
"  min^ralogique  de  ces  galets  est  la  m^me  que  celle  des  roches  ayoisinantes." 

Ulathtalt,  Annaiee  dee  Mines,  5me  S^rie^  m.  p.  832. 

"The  gold-bearing  grayels  "  of  Victoria  (Australia)  ''  are  the  result  of  the 
"  tfnmeifia^e  waste  of  older  masses,  and  haye  not  been  transported  far." 

BBLwnr,  Qmrterljf  Journal  of  the  Oeologieal  Soci^  qf  London^  xir.  p.  536. 

t**h.  farmer  made  no  scruple  of  setting  fire  to  the  woods,  and  laying  waste 
"  a  tract  of  ten  or  twelve  miles  round  his  miserable  plantation.    The  evil  which 
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— ^Btill  unrepealed,  but  never  enforced — were  imme- 
diately enacted  for  their  protection ;  *  but  the  mischief 
they  were  intended  to  prevent  had  been  perpetrated; 
many  of  the  springs — alrei^dy  laid  bare — had  vanished; 
and  the  inrorks  carried  on  by  aid  of  the  streams  they 
afforded^  had — of  necessity — been  abandoned.  Of  the 
(Regos)  inrater-courses,  thus  rendered  useless,  many 
may  still  be  traced,  as  well  across  the  (Campos)  open 
country,  between  Camargos  and  Inficionado,  Gattas 
Altas  and  Brumado,  Gaethe  and  Cuiaba,  as  in  other 
parts  of  the  Province,  where  now  the  traveller  scarcely 
finds  means  to  quench  his  thirst 

Beds  to  which  water  was  easily  brought  from  neigh- 
bouring rivers,  however,  were  wrought  either  until 
they  were  exhausted,  or  until  the  workmen  found  more 
profitable  employment  in  the  mines.  From  all  mthin 
reach,  therefore,  most  of  the  gold  has  long  f  since  beeo 

**  would  ineritablj  result  from  thii  baToc,  was  early  foreseen,  and  Oomes  Freire 
**  de  Andrada,  at  the  commencement  of  his  long  administration,  endeayoorad  to 
**  prerent  it." — SovtesTi  Bitlory  of  Branl,  uu  p.  82^. 

^  BegimerUo  dot  Supenntendentet,  Guardot  Ifdrst,  tt  OJSciae$  Deptdatbtpar^ 
Minaa  do  Ouro.  Bando  ou  AddUammUo  ao  Edgimmto  Mineral,  IZdeMaio^ 
1786.    Ante,  p.  188,  Kote. 

t  <*  Two  lanoe-sliaped  arrow-heads  "—presented  to  the  Mosenm  of  AmericiB 
Antiquities  at  Copenhagen  by  Mr.  Ton  Helmreichen — ^were  **  obtained  in  ^^ 
<«  process  of  washing  the  diamond-yielding  eaeealAo,  a  soil  consisting  of  sand  <ii<^ 
**  small  stones ;  and  both  were  found  in  the  bat^a  or  washing-bowl ;  but  Aether 
«*  they  had  been  imbedded  in  the  eatctdho  itself,  or  in  the  allurial  formation;  ^• 
**  Ton  Helmreiohen  was  unable  to  asoertain.  One  of  the  arrow-heads  is  of  p^tro* 
"  silex,  the  other  is  of  rock  eiystal.  •  •  ♦  The  Indians  now  inhabiting  the 
«  ProTince  of  Mines  GeraSs  make  their  airow-heads  of  wood  and  bsmboot  6°^ 
^  do  not  use  stone  for  that  purpose." 

JomnaX  of  the  Royal  Oeoffn^hkal  Soeieiy,  xiy.  (1844)  p*  ^2^' 

*'  Fragments  of  worked  metal  were  discoTored  on  the  riTcr  ShaigsBf  s  tribn- 
"  tary  of  the  Teaissey  in  Siberia  •  •  •  at  a  depth  of  fourteen  feet  eigbt  inches 

''  beneath  the  surface ;  new  the  middle  of  a  bed  of  gold-bearing  sand,  ff^  ^ 
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extracted;    bat,  in  the  beds  of  many  rivers,  large 
quantities  of  rich  cascalho  still  remain.* 

The  proportion  of  gold  in  this  ancient  detritus  is 
unknown.f 


"  20  ioehes  tliick,  and  composed  of  yellow  sand,  pebbles,  small  fragments  of 
^  quarts,  with  other  pnlverised  or  decomposed  rocks.  Imbedded  in  it  were 
'*  pieces  of  gold,  yarying  in  sise  from  small  grains  to  nnggets  of  one  to  four 
«<  pounds  in  weight.    This  deposit  rested  on  a  bed  of  rock." 

Atkinson,  Quarterly  Journal  of  Me  Geological  Society  qf  Lotubm, 
XYI.  (1860)  p.  241. 

*'  At  Treloy,  in  Saint  Columb-minor,  eeU$$  hroocheSf  coins,  and  small  rings  of 
"  brass  were  discoTered  m  a  bed  of  sAvom-tin-ore  of  small  thickness  covered  by 
*'  about  eight  or  ten  feet  of  silt,  sand,  and  vegetable  mould." 

HxNVooD,  Cornwall  Oeol.  lhm$,,  it.  (1828)  p.  65. 

•  In  an  opening  on  the  eatealho,  beside  the  river  of  Socorro  near  8a5  JoaS  do 
Morro  Grande,  a  chain-pump  (Mawe,  TVavelt  m  BragU^  p.  264 ;  Annales  dee 
MineSf  n.  p.  212)  was  worked  by  a  water-wheel  some  twelve  or  fourteen  feet  in 
diameter,  of  which  all  the  ffudgeona,  arms,  throudmgt  hackinff,  bucketi,  key»,  wedges, 
BXkdphis  were  made  of  wood;  bound  together  with  the  pliant  tendrils  of  (C%p6») 
climbing  plants. 

t  In  the  granite  of  Chili  depressions  and  valleys  frequently  contain  nearly 
horisontal  beds  of  (Caecqjo)  shingle,  gravel,  sand,  and  clay ;  the  comminuted 
portions  of  neighbouring  rocks  and  (lodes J  veins,  which  consist  of  quartz,  felspar, 
mica,  iron-glance,  and  the  hydrous  oxide  of  iron«  These  deposits, — ^which  seldom 
exceed  fifty  yards  in  depth,  but  sometimes  extend  half  a  league — are  scored  with 
recent  ravines  which  are  not  always  coincident  in  direction  with  the  ancient 
channels  they  now  fill.  All  the  alluvia  are  more  or  less  auriferous  throughout ; 
but  the  deepest  portions  are  ever  the  richest ;  of  such  the  thickness  is  generally 
about  a  foot :  but  different  deposits, — and  even  distant  parts  of  the  same  beds 
are  sometimes  made  up  of  different  ingredients,  which  then  yield  gold  of  dif- 
ferent qualities.  Much  of  this  gold  occurs  as  dust  or  fine  sand,  but  masses 
weighing  from  thirty  to  one  hundred  and  fifty  grains  are  numerous,  and  nuggets 
(pepas)  of  more  than  a  Spanish  pound  (fl>.  1*6  TVoy)  are  now  and  then  found. 
Small  fiakes  abound,  and  thin  dendritic  plates  are  not  uncommon ;  but  the  large 
lumps,-— often  flattish,  and  at  times  of  cavernous  or  cellular  structure,  are  always 
somewhat  rounded.  Their  surfaces  are  usually  smooth,  but  now  and  then  they 
present  roughish  reticulations  ;  sometimes  also  they  are  coated  with  the  hydrous 
oxide  of  iron,  and  less  frequently  they  are  encrusted  with  quarts.  Some  of  these 
deposits  yield  as  much  as  0*000078126,  others  no  more  than  0000009681,  their 
weight  of  gold. 

DoMSTXO^  Annales  des  Mines,  4me  S^e,  Ti.  pp.  167^74  ( Abstract), 

The  following  columns  show  the  numbers  of  workmen  employed,  the  quantities 
of  sand  washed,  and  the  proportions  of  gold  obtained  from  it,  in  various  parts 
of  Siberia  during  the  year  1851. 
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Although  existing  rivers  transport  and  abrade  the 
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In  the  year  1851,  therefore,  eftoh  man  employed 
by  private  partlei,  on  tn  arange  treated  189*8  tone  of  land*  and  extracted  <HI16  It.  of  gold  > 
on  Qoveroment  Works,  ,»  19Q<I  „  m  1*?^ «? 


f* 


On  all  gold  obtained  by  Individuala  from  the  aanda  of  Siberia,  the  foUowisg 
Koyalties  (Bents  and  Dues)  are  reserred  to  the  Crown ;— 
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smaller  and  lighter  portions  of  their  beds,  they  are 
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utterly  inadequate  to  the  removal  either  of  large  rocks 
or  of  the  heavier  materials  which  are  often  ores  of  iron. 
Even  whilst  in  flood  they  seldom  overflow  their  banks, 
or  rise  to  erode  the  strata. 


Operation!  ntnally  oommence  with  Maj  and  end  earlj  in  Septembery  when 
■now  begins  to  fall,  Thia,  howeyer,  does  not  arrest  ih^  escphnn^  who  oontbrae 
their  labours  through  the  winter ;  the  frost  hardening  the  marshj  grotind,  and 
thus  faciUtating  their  work.  But  sometimes  the  sand  is  thawed  with  fir**  and 
washed  with  tepid  water;  ftiel — found  on  the  spot— costing  but  little. 

Contracts,  between  ikt  ^xpkmm  and  ih4  woribiMn,  stipulate  the  number  of 
barrows  of  sand  each  person  is  to  remove  daily;  but  haying  performed  his  task, 
the  labowrw  disposes  of  his  time  as  he  pleases.  The  cost  of  treating  the  poorer 
sand  aTcrages  (about  one  rouMIs  and  eleren  eqpedb  per  cubic  mitn)  nearly  two 
•hillings  and  nine  pence  per  cubic  yard.  But,  in  addition  to  the  terms  of  their 
ordinary  agreements,  tht  proprUUnn  endeayour  to  encourage  honesty  and  to 
prerent  theft  amongst  their  wurhmm^  by  offering  rewards;  which  rary, — ^in 
proportion  to  the  richness  of  the  sand,-^om  (67*5  to  86  silver  copecki  per 
wohtnick)  about  eight  pence  to  one  shilling  per  pennyweight  of  gold  obtained. 

Each  workman  receives,  beside  his  wages,  0*902  lb.  (Avoir.)  of  meat,  with  an 
aUowanee  of  oatmeal  daily;  as  well  as  bread  and  kMoa  (a  sort  of  beer)  *'it 
dUeriium** 

How  Me  eaqpiormt  manage  to  get  through  their  rough  work  during  winter  is 
truly  surprising;  as  huts  made  with  the  branches  of  trees,  and  often  covered 
with  snow,  are  their  only  shelter  from  the  severity  of  the  weather.  In  spite  of 
these  hardships,  however,  explorer*  are  always  on  the  increase. 

ULAinrALT,  AfMolee  dee  Minee,  6me  S^rie,  in.  pp.  821—30  (AhetraetJ, 
Whitney,  HetoUU  WeaUh  of  the  United  Staiee,  p.  89. 

Between  B41e  and  Bingen  the  Rhine  winds  through  an  enormous  deposit  of 
Mnd,  gravel  and  shingle ;  made  up,  in  great  measure  of  granite,  micaceous  and 
taleose  quarts-rocks  of  schistose  structure,  siliceous  sandstones,  homblendic 
slates,  porphyries,  serpentines,  and  limestones.  A  few  of  these  resemble  the 
volcanic  rocks  of  Kaiserstuhl,  others  seem  to  have  come  from  the  Jura,  many 
are  natives  of  the  Vosges  and  of  the  Black  Forest,  but  the  greater  number  by 
far  are  of  Alpine  orighi. 

Traces  of  gold  occur  in  the  pebbles  of  quarts  which  are  obtained  from  this 
formation  for  paving  the  streets  of  BAle,  Strasburg,  Brisach,  and  other  neigh- 
bouring towns.  The  sand  and  gravel,  as  well  in  both  banks  as  at  several  miles 
from  the  river,  are  more  or  less  auriferous ;  but  they  yield  only  from  0*000000090 
to  0*000000100  their  weight  of  gold. 

These,  more  ancient  deposits,  ar^,  at  intervals,  overlaid  by  the  Loeee  (a  forma- 
tion of  argillaceous  matter,  carbonate  of  lime,  quartiose  sand,  and  micaceous 
clay ;  enclosing  land-shells  of  recent  species),  which  is  utterly  barren. 

DATTB&6B,  Annakfi  dee  Minee,  4me  S^rie,  z,  pp.  1«*2L  (AUtraet,) 
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During  the  calms  of  the  hot  season  heavy  rain* 
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sometimes  alternates  with  a  thick  drizzle  for  eight  or 
ten  days  in  succession;  saturating  the  soil,  loading 
every  leaf  with  moisture,  and  causing  many  landslips.* 


*  The  undermentioned  effects  o£  nin  has  been  recorded  at  Ocngo  8oeo:^~ 

On  the  9nd  of  December,  1827,  a  shoiver,  which  lasted  but  a  quarter  of  an 
hour,  washed  so  much  rubbish  from  the  mountain-side,  that  it  filled  great  part 
of  the  ancient  (Talho  Abtrio,-^TabU  VIIL  column  15)  open-work,  and  coTered, 
to  a  depth  of  several  feet,  the  mouths  of  both  adiU  in  the  Tallej. 

Lton,  lUporti  of  the  In^ierial  BrtmUan  Miming  A»$oeiatum,  it.  p.  36. 

On  the  22nd  of  NoTember,  1880,  a  mass  of  earth  and  stones  some  ten  or  twetre 
feet  in  thickness— loosened  from  the  higher  and  steeper  slopes  bj  thirty-oiz 
hours  of  heary  and  continuous  rain— slid  suddenly  into  the  low  groundbs ; — 
sweeping  before  it  trees,  underwood,  and  two  cars  in  course  of  being  loaded  on 
the  mountain ; — burying  heaps  of  ore,  many  surface-works,  and  one  of  the  water- 
wheels  ; — ^ii^uring  several  shallow  parts  of  the  mine ;  and  filling  the  deeper 
(UveiU)  galleries. 

;3xBBnaTT,  jBNinxoB,  Haxblt,  Pudbjlttx,  ft  Hasbxs,  JhH  z.  pp.  42, 64. 

On  the  8th  of  December,  1881,  a  hillock  of  ancient  dibri»^  which  had  been 
softened  by  the  rain,  slipped  suddenly  down  one  of  the  eastern  glens ;  stopping 
one  of  the  water-wheels,  choking  the  adU^  and  coTering  two  or  three  acres  of  the 
Talley,  some  twelve  or  fifteen  feet  with  stones,  trees,  brushwood,  and  mud;  but, 
happily,  neither  touching  the  principal  surfisce-works  nor  entering  the  mine.  A 
yoke  of  oxen  having  become  entangled,  were  saved  with  some  difficulty,  as  most 
of  the  people  had  already  left  work. — SxnnnBTT,  iMd,  xii.  p.  48  (AbtitaetJ, 

Kotwithstanding  much  precaution,  the  (Rego9)  water-courses — ^whioh  at  Gamgo 
8oeo  extend  more  than  twenty  miles— suffer  great  damage  during  the  rains. 

Ibid,  Passim; 

The  {Terme$  fatah,  L,)  ants,  which  are  exceedingly  numerous,  open  tnm 
thefr  large,  hard,  earthen  nests,  narrow  underground  passages,  of  great  length, 
in  all  directions.  These  often  penetrate  and  so  weaken  the  banks  that  they  give 
way ;  when  the  streams,  as  they  escape,  bear  with  them  to  the  rivers  quantities 
of  earth  and  stones. 

In  the  CCampot)  pastures  near  Oongo  Soco  a  colony  of  ants  had  built  them- 
selves  nests,  some  three  or  four  feet  in  breadth  and  height,  and  had  covered 
them  with  waterproof  clay.  About  one  hundred  yards  off  a  beautiful  garden, 
belonging  to  the  Chief  Commissioner,  was  so  watered  that  each  bed  formed,  as  it 
were,  a  separate  island.  The  intervening  space, — though  traversed  by  a  rivulet 
*-was,  however,  thoroughly  tunnelled  by  these  mischievous  neighbours.  They 
neither  entered  the  houses,  nor  worked  during  the  day ;  but— opening  after  sun- 
set the  passages,  perhaps  previously,  made  beneath  the  water — they  frequently 
stripped  an  entire  bed  of  all  vegetation,  save  the  stems  of  herbs  and  the  branches 
of  trees,  in  a  single  night.  This  havoc,  however,  was  not  quite  indiscriminate ; 
for  they  left  cucumbers,  lettuces,  pine-apples,  and  sometimes  orange  and  coffee 
trees  uniigured;  but  invariably  destroyed  every  roi6«tree  and  cabbage  within 
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These,  however,  are  often  arrested  in  their  descent; 
and  of  those  which  reach  the  grassy  lowlands,  small 
porUons  only  find  their  way  to  the  rivers. 

Where  a  want  of  vegetation  subjects  the  rocks  to 
direct  atmospheric  influence,*  they  are  rapidly  and  con- 
tinually disintegrated*!  The  portions  degraded,  with 
the  auriferous  beds  they  contain,  and  such  small  quan- 
tities of  ancient  cascalho  as  yet  remain  within  reach, 
are  from  time  to  time  swept  into  the  rivers  by  the  rain. 
Very  different  quantities,  however,  fall  within  short 
distances. 


reach.  On  different  occasions— Rniths'  bellows  were  used  for  forcing  the  smoke 
of  sulphur  and  charcoal  into  the  holes ;— for  weeks  in  succession  water  flowed 
through  the  nests, — ^meanwhile  the  eggs  were  dug  out  and  destroyed,  by  cart- 
loads at  a  time ;  these,  and  other,  means,  however,  merely  checked— but  failed 
to  extirpate— the  enemy. 

*  In  the  dry-season  e? ery  ayailable  rill  was  required  to  drive  the  9tamp$  at 
Gongo  Soeo  from  fifty-fiTO  to  sixty-five  blows  per  minute  (TabU  IX,  Note  IJ, 
During  the  day,  however,  evaporation  from  the  (RegosJ  water-courses  {Ante^ 
p.  350,  Note  *)  caused  them  to  work — at  times  as  much  as  one  blow  per  minute 
—more  slowly  than  they  worked  at  night. 

t  Near  Brumado  the  works  of  Captain  Jos6  Alvarez,  are  carried  on  in  a  deft 
opened — apparently  by  natural  causes — some  twenty  feet  deep,  near  the  summit 
of  a  mountain  of  decomposed  granite,  which  may  be  truly  called  auriferous ; 
*  *  *  for  specimens  of  the  earth,  from  the  roots  of  the  grass  to  the  bottom 
of  the  lavra,  all  contained  gold. — MavB|  Traoels  m  Brazil^  p*  374. 

"  Chaque  jour  le  Rhin  travaiUe  &  modifier  son  lit  en  corrodent  certaines  parties 
*'  de  ses  rives ;  de  Ik  la  formation  de  ces  nombreaux  bancs  de  gravier  et  lies, 
"  entre  lesquels  il  se  partage.     •    •    • 

**  Tout  le  lit  est  aurii^re,  &peu  d'exceptions  prds ;  mais  cet  or,  chaque  fois  qu'il 
"  est  transport^  par  Teau  avec  les  cailloux  au  milieu  desquels  11  est  diss^min6, 
*'  va  se  concentrer  sp^alement  dans  certaines  positions  qu'il  importe  de  savoir 
«  reeonnaitre  d  prion.  •  •  ♦ 

'*  Les  bancs  nomm^s  OoUUfrunde,  auxquels  Torpailleur  doit  particuliirement 
"  s'adresser,  sent  ceux  formes  k  quelque  distance  h  I'aval  d'une  rive  ou  d*une 
"  lie  de  gravier  corrodee  par  le  courant ',  ces  bancs  r^ultent  par  cons^uent  d'un 
**  transport  du  gravier,  tant6t  sur  quelques  metres  seulement,  tant6t  sur  1,000 
"  ou  1,600  mdtres  de  distance.  C'est  dans  une  zone  6troite  qui  termine  les 
«  bancs  vers  Tamont,  que  pour  abr^ger  on  pent  appeler  leur  titep  que  se  trouvent 
"  particttU^remeat  acGumol^es  les  paillettes,  presque  toujours  aa  milieu  de  gros 
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Oongo  SocOj^  at  the  foot  of  a  high,  wooded  Serrai 
near  a  great  tributary  of  the  Rio  Doce,  and  Morro 
Velho  t  in  an  equally  mountainous,  but  an  un wooded, 
region,  of  much  the  same  elevation,  on  the  upper 
waters  of  the  Rio  das  Vdhas,  some  twenty  miles 
distant^  aflford  example ;  for 

three  jwn*  oburratlont  show  an  avienige  aanval  fall  of  •  •  121  -08  at  the  femcr  ;t 

whereas 

nine  years'  „  ,,  „  bat   68-07  at  th«  l«tter4 

Great  quantities  of  gravel,  sand,  and  mud  are  also 
carried  to  the  rivers  by  the  water  in  which  ore  i8 
treated  at  the  mines. 

*'caillouz;   tontefois  cette  riohesse  ezeeptlonneUe  ne  s'tend  qn'lk  une  ikible 
«  profondenr  qui  ne  d^passe  guire  16  centimetres.  •  •  • 

'*  Les  digues  artifidelles  entre  lesqnelles  eonle  le  Bhin  snr  tme  partie  de  son 
<*  cours,  au-dessous  de  Kehl,  sont  entaill6es  par  des  conpnres,  oniKUMS,  qn!  sent 
"  destinies  &  donner  passage  anz  hantes  eauz ;  afin  qn'elles  aillent  d^poser  des 
**  ensablements  an  del&  de  ses  dignes,  Les  atterrissements  ainsi  formes  deni^re 
**  les  dignes  par  nn  Aourant  lateral  renfeiment  anssi  des  parties  riches  an  milien 
**  dn  gros  grayier.    ♦  •  ♦ 

"  Les  bancs  qui  se  ferment  an  milien  dn  flenTS  loin  le  lenr  point  de  depart  sont 
'*  en  g^n6ral  pen  riches. 

*'  Dans  les  bancs  les  pins  pauTres,  dent  on  essays  la  tenenr  snr  nne  grande 
«  nombre  de  points,  on  trouye  oependant  anssi,  en  dehors  des  positiona  qni  Tien- 
"nent  d'etre  signal4es,  des  tones  6troites  et  illong^es  de  gravier  riche;  *  *  * 
**  ainsi  il  n*est  pas  rare  de  rencontrer  de  ees  lones  riches  an  pied  des  tains  ter- 
'*  minanz  qni  Umitentnn  banc  &  Tayal.    ♦  ♦  • 

«  Jamais  Je  n*ai  tronT^  la  moindre  trace  d'or  dans  le  sable  fin  priv^  de  cailloQX 
**  qne  le  Bhin  depose  encore  jonmellement  dans  ses  ernes.  On  ne  rencontre 
«<  mime  dans  ce  sable  fin  qne  des  traces  de  fer  titan6  et  du  qnan  rose,  qtti 
**  aeoompagne  tonjonrs  Tor. 

^  Qnelle  qne  soit  lenr  position  dans  la  flenTS,  les  paillettes  d'or  sont  assod^ 
"  \,  des  eaillonx,  dont  la  grossenr  est  en  gte6ral  en  rapport  avec  U  dimensien 
"  des  paillettes  qn'ils  accompagnent.  La  risidn  du  layage  contlent  tonjonrs  da 
"  fer  titan^,  dont  la  quantity  est  proportionnelle  i,  la  quantity  d'or." 

DAVBEfiSi  AnmUi  da  Minet,  4me  S^riSi  z.  pp.  6|  IZ,  14. 

*  AnU,  pp.  291—6. 

t  Ihid,  p.  184. 
ti<M(^p.849. 
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The  refuse  of  several  open-works  on  the  Serra  of 
Antonio  Pereira  accumulates  at  the  foot  of  the  slope 
throughout  the  dry  season :  when — as  in  the  Bhahur 
of  Kumaon  * — the  water  by  which  it  is  conveyed, 
sinks  through  the  shingle;  but — gliding  along  the 
rock  beneath, — reappears  at  a  lower  leveL  During 
the  rains,  however,  this  deposit  is  swept  down  tiie 
valley ;  where  it  has  raised  the  bed  of  the  brook, — ^a 
tributary  of  the  Gualaxo, — at  least  ten  feet  within 
fifty  years.t 

All  stamped  ore  is  carried  from  beneath  the  heads. — 
by  water  admitted  on  purpose — down  long  (Canoas) 
inclined-planes,  on  which  cured-hides  and  strips  of 
baize  are  carefully  laid.  In  the  upper  of  these,  rough 
grains  and  threads  of  gold  are  entangled;  whilst 
further  and  further  down,  ore — ^more  or  less  rich — 

•  AnU^  pp.  42—4. 

t  Captain  JoaS  Pereira  de  Axeyedo,  MSS. 

The  refuse  of  seyeral  china-clay  works  encroach,  in  like  manner,  on  the  Talley 
near  St.  Anstell  (1865). 

The  head  streams  of  the  Fal  flow  through  Tregoss  moor,  where  there  are  many 
tin  stream-works;  from  which  great  quantities  of  matter  are  constantly  washing 
into  the  river,  and  are  carried  down  into  the  creek  below  Tregoney.  The  navi- 
gation has  been  destroyed  for  more  than  two  miles,  and  the  injury  is  rapidly 
extending.    •  •  • 

Bestrongett  creek  formerly  extended  much  farther  up  Camon  valley,  than  it 
now  extends,  but  the  upper  part  of  the  navigation  has  been  choked  by  gravel 
and  silt  from  the  mines.  •  •  *  By  the  constant  accession  of  such  matter,  the 
bed  of  the  whole  creek,  except  the  anchorage  in  Bestrongett  pool,  is  now  above 
the  level  of  low-water  at  spring-tides.— 

Thomas,  History  of  Falmouth,  pp.  31,  48. 

About  the  middle  of  the  last  century  •  •  •  land  for  manure  was  brought  by 
barges  as  high  as  Bunstan's  mills  [more  than  a  mUe  above  the  present  limit  of 
navigation]. — Francis,  Qwennap,  p.  8,  Note. 

**  In  1851,  West  and  South  Caradon  Mines  paid  a  large  compensation  to  the 
"  landowners  in  the  lower  part  of  the  Seaton  Valley,  for  ii^uries  occasioned  by  " 
sand  and  mud  £rom  the  works.-— Allbn,  Sistory  of  LUheardf  p.  398,  Note. 
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subsides,  somewhat  in  the  order  of  its  specific  gravity.* 
The  portions  escaping  scarcely  shew  a  trace  of  gold  at 
first;  but  trituration  by  the  rippling  brooks t  into 
which  they  fall, — separating  light  fragments  of  van- 
stoncj — lays  bare  the  richer  particles  enclosed  ;  within 
short  distances,  therefore,  certain  of  the  better  parts 
are  deposited  %  in  the  beds  and  at  the  sides  of  streams ; 
whence  they  are  sometimes  gathered,  and  a  second 
time  submitted  to  like  treatment. 

The  ore  which  escaped  from  Gongo  Soco  accumu- 
lated at  Taboleiro,  about  a  mile  from  the  principal 
works ;  where — on  being]  once  more  stamped  and 
dressed^ — it  yielded,  on  an  average,  a  (Troy)  pound 
of  gold  per  month.  For  more  than  thirty  years  some 
fifty-five  thousand  tons  of  stamped  iron-ore  and  talcose 
mud  were  annually  discharged  from  this  mine  into  the 
Socorro  river ;    yet  Mandi  ||    were   caught  in  great 

•  Table  VIL  Notes  A*-<;  TahU  IX.  Note  m  1—6. 

t  At  Gonffo  Soco  the  hones  and  mules  preferred  the  rill  in  which  Jaootimga 
had  been  stamped,  to  water  of  greater  parity. 

t  A  small  stream  which  rises  amongst  the  hills  south  of  Camborne,  is— fn 
Tarious  parts  of  its  course  to  the  sea  near  Gwithian — used  for  (drttainffj  washing 
the  produce  of  CondurroWf  Dohoath,  and  Wheal  Crofly;  but  fh)m  each  min« 
it  carries  off,  in  suspension,  small  quantities  of  tin-ore,  still  adhering  to  its 
matrix.  The  separation,  which  eiamping  and  other  processes  had  failed  to 
accomplish,  is,  howerer,  gradually  effected  by  the  action  of  running  water; 
minute  portions  of  ore  are  therefore  collected  in  lower  parts  of  the  stream,  by 
appliances  exactly  similar  to  those  which  had  been  inefficient  to  arrest  them 
above.— Captaiit  Chajllbs  Thoicas,  MSS. 

{We  have  minutely  examined  the  tank  at  Taboleiro,  and  find  that  the  upper 
portions  of  Hs  contents  consist  of  fine  JaooHn^,  sand,  and  slime,  the  lower  of 
rough  Jacotinga  only ;  the  former  we  propose  to  pass  over  Coneentraiion'tir^kee 
(Table  IX,  Note  m — 6>,  the  latter  to  stamp;  we  expect  this  system  will  answer 
very  well.—  ton  Hblkbbichbw,  Harris,  Collins,  Blavbt,  &  PsNoaLT, 
Eeporte  of  the  Imperial  Brazilian  Mtning  Association,  xzx.  p.  87' 

II  **  Jlfoiutfy— one  of  the  Silurida,pethKpn  a  species  of  Mystus;  from  a  foot  as^ 
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numbers.  At  Agoa  Quente  also,  small  Traira^  throve 
in  water  which — reaching  the  adit  at  temperatures 
varying,  in  different  parts  of  the  mine,  from  8r*9  to 
96*"5t — was  fouled  with  similar  impurities. 

At  Morro  VelhOj  in  like  manner,  the  stampedrore 
which  passes  from  the  Cbnoos  in  suspension  is  collected 
on  the  (Praia)  margin  of  a  neighbouring  stream, 
where  it  is  again  stamped  and  conducted  over  hides 
and  baize.  From  1866  to  1863,— 1,365-26  lbs,  {Troy) 
of  gold  were  here  obtained,j;  which,  but  for  these  re- 
peated processes,  must  have  been  lost.  In  the  last 
twenty-seven  years  more  than  one  million  five  hundred 
thousand  tons  of  pyritous,  argillaceous,  and  quartzose 
sand  and  slime  have  been  washed  from  this  mine  into 
the  Rio  das  Velhas ;  nevertheless  Suruhim^\  weighing 
ten  or  twelve  pounds,  are  still  taken  near  Sahara. 

As  the  bed  of  every  river  is,  with  more  or  less 
regularity   and    abundance,    replenished    from    each 


"  a  half  to  two  feet  long,  with  no  apparent  scales,  and  long  barbecels  proceding 
'*  backward  from  its  month.  It  keeps  near  the  bottom  of  the  river,  is  taken 
'*  by  the  hook^  and  considered  one  of  the  best  fish  it  produces." 

GABDiTBay  TraoeU  in  Brazil^  p.  416. 

•  ''  Trabra, — Also  about  two  feet  long  and  rather  slender,  it  takes  the  bait 
**  and  is  much  estemed."— i&u/,  p.  416. 

t  Pot^tfo— Appendix. 

X  Symons,  ReporU  of  the  Saint  John  d'el  Rey  Cofr^xmy,  xztii.  p.  40 ;  xztiii. 
p.  47;  xxix.p.  48;  xzx.  p.  43;  xxxi.  p.  48;  xxxii.  p.  60.  Dietssch,  26uf, 
xxxiii.  p.  50;  xxxiT.  p.  49. 

4  "  Surubim, — This  fish,  which  is  a  species  of  sturgeon,  often  reaches  the 
"  length  of  six  feet.  It  is  taken  most  commonly  in  nets,  but  sometimes  also, 
"  especially  by  the  Indians,  by  being  shot  at  with  an  arrow,  to  which  a  strong  cord 
"  is  attached.  The  flesh  of  this  species  dried,  is  that  principally  sold  in  the 
"  SertaS  "  (high  table-land) ;  •'  I  have  frequently  tasted  it,  and  found  it  excel- 
"  lent,"— Gasdhzb,  Travelt  in  Bragilf  p.  415, 


356      W.  J.  HfiNWOOD,  (m  the  Detrital  Gold 

formation  within  the  district  it  drains ;  the  metallic, 
as  well  as  the  earthy,  portions  of  these  deposits,  in 
various  streams, — and  sometimes  even  in  distant  parts 
of  the  same  stream, — present  characteristic  differences. 

Crystals,  dendritic  flakes,*  thin  scales,  nuggets, 
threads,  and  grains  of  gold  are  thus  mingled  with  the 
other  ingredients;  but  the  largest  of  them  rarely 
exceed  a  quarter  of  an  inch  in  diameter,  and  the 
smallest  are  microscopicf  Trifling  quantities  occur 
on  the  hard,  gravelly,  shallows,  where  a  few  spangles 
are  now  and  then  found  and  swallowed  by  water- 
fowl ;  X  but  the  greatest  part  is  scattered  through  the 
sand  and  silt 

The  gravel  and  coarse  sand,  when  collected,  are 


•  Bounded  grains  and  nuggeit  are  mixed — with  cryBtals  of  gold  at  Ballarat,^ 
with  dendritic  gold  at  Mount  Alexander,  —  and  with  both  at  Mo  Ivor  rirer 
Victoria),  Australia.— Stbfhbn,  QuarUrly  Journal  of  the  Geological  Socieity  of 
London,  x.  p.  806 — 8. 

f  "  L*or  ne  se  trouTe  jamais  le  gravier  du  Rhin  en  p^pites  ou  en  petits  grains ; 
<*  il  est  toujours  sous  forme  de  paillettes  tres-minces,  k  contours  arrondis,  dont 
'*  le  diamitre  n*excide  pas  un  millimetre  "  (0*03937  inch)  *<  et  est  souvent 
**  beaucoup  moindrci  •  *  •  La  surface  de  ces  paillettes  examinee  au  micro- 
**  scope  pr^sente  une  multitude  de  petites  asp^ritln  assez  r^guli^res.  *  *  *  Le 
**  poids  moyen  d'une paillette  est  de  0*0562  milligramme "  (0000867  grain). 

Daubb^b,  Annalea  dee  Mines^  4me  S6rie,  z.  p.  21. 

X  The  late  Mr.  Fitspatrick  of  Gongo  Sooo  presented  me  with  a  small  quantity 
of  quartsose  and  ferruginous  gravel,  mixed  with  minute  scales-— weighing  some 
fifteen  or  twenty  grains — of  gold ;  which  his  cook  had  found  in  the  gissard  of  a 
HuscoTy  duck ;  brought,  a  few  days  preriously,  f^om  Brumado  on  the  Santa 
Barbara  river. 

The  crop  of  a  second  duck,  from  the  same  place,  contained  similar  grarel 
but  a  smaller  proportion  of  gold. 

Edinburgh  New  Phil  Journal,  L.  p.  62. 

**  The  oook  of  a  Oovemment  officer  at  Oalle  recently  brought  to  him  a  ruby 
**  about  the  siie  of  a  small  pea,  which  he  had  taken  from  the  crop  of  a  fowL" 

Emjobaon  TBNKBirT,  CegUm,  x.  p.  34. 
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stirred  —  until  they  become  suspended  —  in  small 
streams;  which  are  passed  over  (Canoas)  inclined- 
planes,  laid  with  baize,  as  at  the  stamps.*  The  richer 
and  heavier  parts, — subsiding  first, — are  then  washed 
in  the  baUa,'[  until  the  gold  is  separated  from  its 
earthy  accompaniments.  The  fine  sand  and  mud  are 
treated  in  the  batSa  only;  the  (Faiscador)  washer 
standing — often  nearly  to  his  middle — in  the  stream, 
whilst  he  scrapes  the  ore  from  its  bed.  To  protect 
himself  from  the  sun  and  rain, — which  occasionally 
alternate  several  times  a  day  during  the  hot  season, — 
he  uses  a  coarsely  platted  covering  of  long  grass ;  :|: 
which — ^reaching  from  head  to  waist — serves  as  both 
hood  and  cape. 

Great  numbers  of  poor  freemen  earn  a  scanty  liveli- 
hood §  by  thus  separating  the  gold  from  the  detritus ; 
and  many  (Rogeiros)  small  farmers  employ  their  slaves 
in  the  same  manner,  when  field-work  is  slack.  || 

The  proportion  of  gold  obtained,  from  the  beds  of 

*Mawey  Trai09U  m  BratU^  p.  266.  Ton  Spix  nnd  Ton  Martinf,  J2«tf«  in 
BnuHim,  x.  p.  840.  Ton  Eschwege,  PhOo  BrasUienns^  p.  256.  de  Saint- 
HiUire,  Voyttge  dan$  le$  Provinces  d«  Rio  de  Janeiro  et  de  Minae  Oeraee,  i.  p. 
250.  Gardner,  lYavelt  in  BrasU,  p.  497.  Ante,  p.  853 :  Tabki^VIL  Note  k ; 
JX^  Note  m— 3. 

t  Mawe,  Ihweli  m  Bratil,  p.  109.  Ton  Spiz  nnd  Ton  Hartiuf,  Beise  in 
JBratilien,  i.  p.  340.    Gardner,  IVaoele  in  Brtukl,  p.  510.     Table  IX.  Note  i. 

t "  Lee  nigree  ae  pr^eenrent  de  la  pluie  aTee  des  esp^eee  de  manteanz  assez 
**  pittoresqnes,  fiats  areo  lea  feuillee  trds  longuea  et  fort  sichee  d*une  Gramin^ 
•<  on  Cyp^ac^e,  qne  I'on  appelle  eapim  mmnbica,*'^i>iiL  Sajht-Hilaibb,  Second 
Vopoffo  dam  rinUrieur  du  Brieil,  x.  p.  189. 

%  Jnie,  pp.  224,  283,  301. 

i  Ibid,  p.  299. 

^  SUyea  are  allowed  to  work  on  their  own  account  on  Sundays  and  holidays.*' 

GABDRXfti  DraveU  in  Brwtil,  p.  465. 

Ante,  p.  801,  Note  f* 
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existing  rivers,*  has  never  been  ascertained;  but  in 
1849  it  was  estimated  that,  on  an  average,  each 
(Faiscador)  washer  collected  from  four  to  five  (4*684) 
grains  of  gold ;  and  thus  earned  about  (one  pataca — 
320  reis)  eight  pence  per  day.f 

The  (^Faiscador)  gold- washer  pays  no  (dties)  Royalty 
to  the  landowner. 


•After  the  ancient  detritoi  of  the  Bhine  had  been  abraded,  transported,  and 
redeposited  by  the  stream,  it  yielded  the  undermentioned  proportiona  of  gold  ;— 
Tartotiot  of  (on)  nnd.  ProportkHis  of  gold. 

First  quaUty 0*000000662. 

Second   „       0*000000243. 

Third      „      aTerage wrought    ...•••••• 0*000000132.  - 

Fourth   „      poorest       „  0-000000120. 

Fifth       „      nnwrought  ..•• O-OOOOOOOOS.  i 

DAUB&ftfly  Annalei  tUs  Minet,  ime  S6rie,  x.  pp.  16,  28. 
t  In  that  year  the  gold  of  Antonio  Pereiro  (23  earati  8*5  graint  fine)  was  sold  | 

at  (3,500  reii  per  oUava  of  65*33  graim)  £40  :  19  :  10  per  lb.  7V^. 

Daring  1814  the  riTen  of  Minas  Geraes  afforded  employment  to 

8876  fireemen  and) 

1871  slates  j  6747  persons ; 

who  fxtrseted  ....(11A,8B1-S8)  l,107'70BorKOldp  worth(at  jB40 :  19 :  10) about £45,418 

each  (FoifMitorn  [p»aiitt. 

anaTtrage  ....J 

and  nckonlDg  800  worUnf 
dsyi  in  tba  yaar, 

oUava  [per  day. 

H  (         0-06)  8-7  graini    ••     •      »»  >■  »•  0  :  0  :  61 

TON  EsoBWBOB,  .Pluto  Brosiliensts,  TabeUariiche  UAertichi  aOor  QoitUavrat 
J$den  Districts  in  Minas  OeraeSf  p.  xxi. 

The  Bhenish  fOrpaiUeurJ  gold- washer  treats  about  (four  cubic  md6iM,-— one 
hundred  and  forty-one  cubic  feet)  eleren  tons  and  a  quarter  of  sand ;  earning 
—according  to  the  quality  of  the  deposit  he  works — now  and  then  firom  eight  to 
twelve  shillings,  but  seldom  more  than  twenty,  and  sometimes  less  than  ten» 
pencCy  per  day.  Some  five  hundred  persons  engage  in  this  pursuit  at  intervals ; 
but — as  most  of  them  are  either  husbandmen,  boatmen,  or  fishermen,  on  oc- 
casion— the  entire  proceeds  of  their  labour  range  only  from  (40,000  to  45,000 
francs  J  sixteen  to  eighteen  hundred  pounds  a  year. 

DAUBsfis,  Annates  dss  Mines,  4me  S^rie,  z.  pp.  12,  23,  24  (Abstract). 

Whitney,  Metallic  Wealth  of  the  United  States^  p.  94.  Ante,  pp.  245—8, 
Notes. 
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The  deep-yellow  grains  and  microscopic  crystals  of 
gold*  collected  in  the  Gualaxo,   are  akin  to  those 
of  Antonio  Pereira,t  near  the  source  of  its  principal 
tribatary ; — the  paler  flakes,  small  nuggets^  and  crys- 
talline granules  found  in  the  Peri^icaba  have  a  family 
likeness — both  in  hue  and  in  alloy — to  the  gold 
obtained — where  its  head- waters  rise, — amongst  the 
talcose  and  quartzose  rocks  of  the  Cara^a  ;  % — and 
the  dark-coloured  gold  of  the  Socorro  river — like  that 
of  Gongo  Soco  §  in  its  vicinity,  —  is  associated  with 
copper,  silver  and  palladium.     But  it  is  needless  to 
lengthen  this  list;    for  the  metallic  as  well  as  the 
earthy  ingredients,  in  the  bed  of  every  river,  resemble 
those  of  adjoining  mountains.  ||     Detrital-gold — like 
stream  tin-ore,ir-however,  is  always  of  better  quality,** 
and  invariably  fetches  a  higher  price,  than  mine-gold 
of  the  same  neighbourhood. 

*  Henwoody  Edinburgh  New  Phil.  Joumai,  L.  p.  63. 

t  Anie,  pp.  214,  304 ;  Table  X,  column  17. 

t  Ante,  pp.  177, 181,  286,  241, 

%  Ibid,  p.  286  i  TableSf-^IX,  column  49,  X.  column  17. 

I  A$Ue,  p.  Z65. 

If  ^'Stream  Tin^-eohBiBtM  of  detached  fragments,  or  of  crystala  of  tin." 

Feillipb,  Minerdhgy  (3rd  Edit.),  p.  253. 

In  ''  an  interesting  group  of  fine  crystals  of  gold,  interlacing  an  hexagonal 
**  quarts-crystal "  from  Me  lyor  riyer  (Australia),  such  of  the  edges  of  the  gold 
"  and  quarts  crystals  as  haye  been  exposed  to  the  contact  of  rough  bodies  are 
«  rubbed  and  destroyed,  whilst  the  edges  of  the  crystals  which  have  been  pro* 
"  tected  by  surrounding  crystals  are  as  perfect  and  sharp  as  when  formed  by 
"  nature." — Stsphbh,  Qmrterly  Jcumal  of  the  Geological  Society,  x.  p.  307. 

**  *'  The  quality  of  the  tin-ore  foimd  in  stream-works  is  very  much  superior 
*'  to  that  obtained  from  Teins  at  small  depths." 

Hbnwood,  Cornwall  GeoU  Trans,,  ly.  p.  65. 

The  following  analyses  of  detrital  and  mine  gold  txom  New  Granadai  are 
recorded  by  M.  Boussingault. 

DDD 
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Although  gold  was  obtained  from  this  region  in 
1599,*  and — if  tradition  be  credited — for  sometime 
bartered  by  the  Indians  f  with  the  earlier  settlers ;  it 


LocaUtlM. 


Buearamango  ••••■• 

Qiron   • 

Lavega • 

QuMtoAmio..  •••••• 

Httni 


Detrital-gold. 

PMportloiM  of 

QdUL, 

surer. 

0*980 

0  020 

0-919 

0-081 

0-821 

0179 

0-907 

0-098 

Ifina-gold. 

PropcvtioBt  of 

GoUU  snm. 


0-919 
0-744 


0081 
0-356 


0-831 


0109 


AfmaiM  dei  J£«m«,  Sme  S6rie,  z.  p.  440. 
"  On  poumdt  auast  admeitre,  au  moixu  poor  Tor  natif  da  Chili,  qu'en  gte^nl 
**  Vor  menu  est  d'un  titre  plus  4lef6  que  Tor  qui  sa  tzouTe  en.  groe  graina  €t  en 
*<p^lte8."— DOKBTXO,  Ibid,  4me  S&ie,  Ti.  p.  169, 

"  On  croit  gte^ralement  dana  TOural  et  k  Saint-F^tenbonrg  qua  Tor  def 
*'  aablea  est  ordlnairement  plna  riohe  en  or  qne  eelni  dea  fllona.  M.  Gnatafe 
**  Bose  a  M  conduit  par  sea  analysei  k  nn  rteultat  contraire :  oelles-ci  indiquent 
«« moyennemeaty  dam  Tor  dea  filons  0-0791  d'argent 

,,  aablea  0-0897      „     ." 

JM,  Sme  S4rie,  T.  p.  169. 
*'  n  7  a  enmoyeane  dant  Tor  dn  BUn 

0*98400  d*or, 
0*06600  d'argent, 
'<  et,  aprda  ranalyae  de  M.  Doebereiner,  0*00069  de  platine.'* 

DutbbUm,  Ibidf  4me  S4xie,  x  p.  22. 

'*  I  hate  ficnmd  by  obacrration  *'  (in  BoUyia)  "  that  the  gold  ia  purer  in  pro- 
^  portion  aa  it  ia  ftirtker  from  ita  aonroe." 

F0BB»,  Londtm,  JBdm.^  ^  DubUn  PkU.  U^f.  (4th  Seriea),  xziz.  p.  133. 

*  *'  In  the  laat  year  of  the  aizteenth  eentnry,  D.  Franeiaoo  de  Sonaa  •  •  * 
"  aent  to  Philip  III.  a  roaary  compoaed  of  natiye  graina  of  gold." 

SoTTTHXTy  HUtory  of  Braeil,  m,  p.  40. 

t  It  ia  atm  belieyed  in  the  neighbourhood,  that  the  firat  ezplorera  fbimd  ibm 
flahisg  the  Bio  daa  Yelhaa  vith  golden  hooka. 
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was  not  until  1695  that  systematic  explorers  discovered 
it  in  place.* 

A  code,  promulgated  in  1618,  regulated  the  disposal 
of  all  mineral-lands,  but  reserved  to  the  Grown  a  pro- 
portion of  their  produce-t 

For  a  considerable  period  this  Royalty  was  nominal- 
ly twenty  per  cent. ;  but  the  annual  receipts — which 
often  fell  short  of  the  captures  from  smugglers  j; — were 
never  as  much  as  (four  arrohas)  157*40  Tray  lbs, 
of  gold.§  After  some  time  stipulated  quantities — at 
first  (thirty)ll  1  ISO'S,  but  subsequently  from  (twenty- 
five  to  thirty-seven,  arrohas)^  983'75  to  1455'95  lbs* 
a  year — were  substituted  for  the  previous  (quinto)  per 
centage.  Meanwhile  a  tax  of  (twelve  oitavas)  r383 
oz,  of  gold  had  been  levied  on  each  workman  em- 
ployed in  mining ;  •♦  but  the  arrangement  had  proved 
so  unsatisfactory,  that,  within  a  twelvemonth,tt  the 

•  «  The  first  gold  Trhich  is  certainly  known  to  hare  been  produced  firom  thii 
**  district  was  a  sample  of  three  oitavaa  *'  (0*346  os.  Droy)  "  presented  in  169d  to 
**  the  CapUam  Mor  of  Espirito  Santo  by  Antonio  Rodrigues  Arsam,  a  native  of 
"  the  town  of  Taboate." — Southbt,  Brazil,  iii,  p«  49. 

t  Ihid,  pp.  41—5.  Mawe,  Travels  in  BrazU,  p.  247.  von  Esohwege,  PUUo 
Brasilienns,  pp.  102—15 ;  Memoriaa  Historicaa  de  Minoi  Geraet,  p.  167. 

X  Ton  Eschwege,  Phiio  BrtuiUennSf  p.  280. 

%  Ibid,  p.  280« 

**  Ka  era  de  1711  se  vio  pratieado  o  invcnto  da  Roda  para  facilitar  o  trabalho 
**  mineral,  de  que  foi  autor  am  clerigo  yulgarmente  conhecido  com  o  nome  de 
'*  Bonina." — Memoriaa  Hiatoricas  de  Minos  Geraes,  p.  175, 

II  Sonthey,  Brazil,  iii.  p.  150.    Ton  Eschwege,  PltUo  Brasiliensis,  pp.  170-280. 

H  Ton  Eschwege,  PkOo  Brasiliensis,  pp.  179—80,  280. 

••  "  Instead  of  taking  a  fifth  at  the  Smelting-house  a  poll  tax  of  not  less 
*'  than  twelve  oitavas  was  to  be  paid  for  every  negro  employed  in  mining." 

SouTHBY,  Brazil,  iii.  p.  168. 

tt  '*  The  experience  of  a  single  year  proved  this  to  be  as  little  advantageous  to 
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commutation  of  (thirty,  arrobas*)  1 180*5  lbs.  was 
re-established.  After  a  few  years,  however,  this  was 
replaced  by  a  duty  of  twelve  per  cent. ;  f  which — as 
gold  became  more  abundant — was,  in  turn,  compound- 
ed for  (one  hundred  arrobas)  3935  lbs.  per  annum,  j: 
At  length  every  one  employed  in  the  mines  was — 
without  regard  to  sex  or  condition — annually  assessed 
at  (four  oitavas  and  a  half)  0*519  oz.  of  gold;^ 
a  disposition  eventually  succeeded  by  the  original 
(guinto)  duty  of  twenty  per  cent.||     For  several  years 

*<  the  Treasury,  as  it  was  agreeable  to  the  people,  and  the  OoTemor  therefore 
"  was  instructed  again  to  accept  the  thirty  arroUu  "  of  gpold. 

SovTHETi  Brazil,  iix.  p.  168.    Memoria9  Bittorietu,  p.  168. 

*  The  Municipal  bodies  collected  the  oommutationy  '*  and  the  richest  settlers 
**  raised  it  by  an  assessment  amongst  themseWes,  according  to  the  number  of 
**  their  negroes."-— Southbt,  BrasU,  lu.  p.  166. 

t  Ibid,  p.  265.    Ton  Eschwege,  PhOo  BroiilUims,  p.  180. 

%  "  The  Municipal  Camanu  engaged  to  make  up  to  the  Treasury  the  yearly 
*<  quantity  of  one  hundred  arrobas^  *  ••  if  the  fifths  "  ^duet^  *'  should  fall 
"  short  of  that  amount.  But  in  apportioning  this  impost  great  injustice  was 
«  committed.  Some  Camanu  were  taxed  more  heavily  than  others ;  and  they 
"  in  their  turn  laid  on  the  burden  unequally  amongst  the  people  within  their 
**  jurisdiction,  oppressing  those  who  possessed  no  influence,  and  fsTouring  the  " 
(rich)  "  Podero809,  The  Court  in  consequence  instructed  the  Governor  to  make 
'*  the  assessment  himself,  and  by  no  means  to  leave  it  to  the  Comanw." 

SouTHST,  Brazil^  in.  p.  267. 

von  Eschwege,  Vhdo  Brtuiliensis,  p.  180 ;  Memorias  Hittorieaa,  p.  171« 

§<*The  proposed  tax  was  an  impost  of  two  oitavat  and  twelve  vwifetni" 
(0*259  oz.)  *'  of  gold  every  half  year,  upon  every  slave  male  or  female.  ^  *  * 
**  Free  persons  of  European  birth  or  extraction  "  as  well  as  "  free  negroes  and 
"  emancipated  people  of  colour  who  possessed  no  slaves,  but  worked  themselves 
'*  in  agricultural  or  mining  employments  •  *  *  were  liable  to  the  tax." 

SouTBBT,  BraxU,  ui«  p,  271* 

MemofxM  Historictu^  p.  172. 

The  inhabitants  of  Minas  Oeraes  on  whom  taxes  were  assessed 
in  1742  were  •...   1771  free  ••••  186,868  slaves; 
1743    „     ....  1759    „     ....  185,759    „     . 

TON  EscHWBOB,  PHUo  SrosilienM,  p.  286. 

I  *'  Com  0  dia  1**  domez  de  Agosto  de  1751  principiou  o  observancia  do  quinto 
'*  restabelecido,  entrando  d'ahi  a  correr  a  totalidade  annual  das  100  arrobas  de 
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the  receipts  averaged  more  than  the  (one  hundred 
arrobas)  3935  lbs.  guaranteed  by  the  miners ;  *  but — 
thenceforward  slowly  yet  continually  diminishing — 
they  amounted  in  1820  to  (two  arrobas)  7870  lbs. 
only.t  For  a  time  the  inhabitants  were  charged  five, 
' — whilst  foreigners  paid  twenty-five, — per  cent. ;  J  but 
— after  many  trifling  changes  §— the  Dues  (Provincial 
Duties)  on  gold  were  abolished. 

When  the  Royalty  (quinto)  was  established,  the 
miner  could  not  legally  dispose  of  his  gold-dust  un- 
til he  had  obtained  a  (GuiaJ  certificate  from  the 
authorities ;  ||  but  in  after  years  the  King's  dues  were 

*'  ovro,  que  08  poTOt  se  obrig&rad  a  tegixrar  &  real  coroa»  tomando  lobre  ei  o 
'*  encargo  de  completa-las  por  Tia  de  derrama." — Mtmonaa  HiitorieaSf  p.  173. 

Sonthey,  BraatU,  ixi.  p.  592;  Ton  Eachwege,  PkUo  Brasilieims,  p.  180. 

*  *'  For  about  sixteen  years  the  average  of  the/ifths  considerably  exceeded  the 

«  hundred  arrotot "  (3936  lbs.);  <*  but  when  the  trade  was  thrown  open  •  •  • 

«<  they  began  Immediately  to  decline,  and  the  average  upon  eleven  years  fell  from 

M  one  hundred  and  nine  arrvbat "  (4289*15  lbs.)  «  to  eighty-six  "  (3384*10  lbs.) 

SouTHST,  Brazil,  in.  p.  593. 
Ton  Eschwege,  PitUo  BratiUenm,  p.  282. 

t  Ibid,  p.  282. 

t  Reports  of  the  Imperial  BrasiUan  Mining  Aseociation,  x.— xxiv. 

^  Ibid,  xxxx.  p.  7 ;  ly.  p.  10.  Beporte  of  the  ScUni  John  d'el  Rey  Company^ 
ZXTII.  p.  12. 

I  <'  Para  a  boa  arecada^aS  doi  quintos  que  pertencem  aFasenda  todo  o  euro  que 
*^  sahir  das  minas  sahirii  com  registro,  para  o  que  o  Superintendente  ter^  himi 
*'  livro  por  elle  rubricado,  e  assignado  em  que  pelo  sen  Escrivao  se  far&  termo, 
«  com  declara^ao  da  pessoa  que  registra  o  ouro,  dos  marcos,  ou  oitavas  que 
**  registra,  da  officina  dos  quintos  para  onde  o  leva  a  quintar;  do  dia,  mes,  e 
*<  anno,  em  que  faz  o  dito  registro,  o  qual  termo  assignar^  o  dito  Superintendente 
*(  com  a  tal  pessoa  que  registrar  o  ouro ;  e  do  dito  termo  Ihe  mandarii  o  dito 
'*  Superintendente  dar  huma  guia  por  elle  assignada  dirigida  para  a  officina  dos 
"  quintos  que  tiver  declarado  no  dito  termo,  na  qual  hir^  dedarado  o  peso  do 
'*  ouro  que  leva  de  que  hade  pagar  os  quintos."— i^^^tm^nto  doi  Stqi>erin(endenteSf 
Gtiardaa-Moree,  e  officiaes  d^puitakte  para  aa  Minaa  do  Ouro*  Lisboa  a  19  de 
Abril  de  1702. 

Southey,  Brazil,  in.  p.  62.    von  Eschwege,  Pluto  Brasiliensia,  p.  127. 
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taken  at  (Casas  de  Fundicao)  Smelting-hoases  in  the 
several  (Comarcas)  districts,*  where  specially  appoint- 
ed officers  cast  the  dust  into  bars,  which — on  being 
inscribed  with  their  respective  weights  and  (Tocos) 
qualities  and  stamped  with  the  Royal  arms — were 
ready  for  the  market ;  for  some  time  before  this  impost 
was  abolished,  however,  the  ancient  mode  of  collection 
had  been  resumed. f   But,  in  spite  of  every  precaution, J 


*  «  Em  Tirtude  do  Deoreto  de'  4  de  FeTereiro  de  1719t  as  ordens  de  8,  e  o 
'*alTar&de  11  do  mesmo  xnes  e  anno,  sao  cstablecidas  nos  districtos  minerae8,e 
«  onde  parecesse  mais  commodo,  algnmas  casas  de  fiindi^a/S  a  fixn  de  se  redonr 
«  o  ouro  em  pd  a  barras,  marcando-se  estas  com  as  armas  reaes,  e  oontra- 
**  marcando-se,  com  declara^ao  do  eeu  peso,  quilates  do  ouro,  e  do  anno  em  que 
**  Be  Aindiad." — Memoriaa  Hittoneoi,  p.  168. 

Southey,  Brazil,  in.  p.  246. 

t  ReporU  of  the  Imperial  Brazilian  Mining  AuociaUon,  xn.  (1832)  p.  93. 
Table  IX,  Note  n 

X  '*  Not  only  were  all  foreigners  forbidden  to  enter  the  country,  but  no  person 
'*  whateTer  might  embark  for  it,  unless  he  were  appointed  .to  an  office  there;  he 
**  might  then  take  with  him  only  such  servants  as  might  be  deemed  neoessaryi 
'*  and  all  these  were  to  be  Portuguese.  Portuguese  going  on  business  must  have 
<<  passports;  and  of  the  Clergy,  none  were  allowed  to  embark  except  Bishops, 
«  Missionaries,  Prelates,  and  Religioners  already  established  in  that  state.'' 

SouTHBT,  Brazil,  iii.  p.  254. 

**  Travellers  upon  entering  the  province  exchanged  their  coin  for  gold  dust^ 
**  and  upon  leaving  it  were  to  exchange  their  gold  dust  for  coin.  Gold  dust  was 
« the  only  circulating  medium  in  Minas  Geraes." — Ihid  p.  694. 

Memoriae  Hietoricae,  p.  166. 

**  Nothing  but  cattle  might  be  brought "  to  the  mining  district  by  land.  The 
<<  drovers  were  required  **  to  notify  their  arrival,  and  specify  what  number  of  head 
**  they  imported.  ♦  •  •  They  were  also  to  inform  the  officers  of  Government 
^*  the  prices  they  obtained  in  order  that  if  the  gold  wherewith  they  were  pai<2 
'*  had  not  previously  been  fifthedt  the  Treasury  might  exact  its  due.  •  *  *  It 
"  was  required  that  all  other  commodities  should  be  shipt  for  the  Rio,  and  intrO" 
**  duced  by  way  either  of  Taboate  or  S.  Paulo." — Soutkby,  Brazil^  in.  p.  62. 

Regimento  dos  Super inUndentee^  Quardas-Mores^  e  O/fieiaet  Deputadoe  para  a$ 
Minas  de  Ouro  (1702> 

**  Laws  against  making  new  and  bye  roads  were  enacted,  and  the  penalUeJ 
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smuggling — which  commenced  with  the  discovery  of 
gold  * — increased  to  an  enormous  extent ;  f  and  was 
at  last  carried  on  :|:  with  scarce  an  attempt  at  conceal- 
ment. 


"  from  time  to  time  enforced ;  but  it  wu  impossible  to  guard  so  wide  a  country." 

SovTHSTy  Brazil^  iii.  pp.  65, 694. 
**  No  goldsmith  was  to  be  tolerated^  nor  any  settler  suffered  to  remain  "  in  the 
ProTinoe  **  who  had  a  alaye  capable  of  exeroisiflg  this  forbidden  craft." 

Ibid,  pp.  62,  264,  594. 

Begimento  doi  SupenHtendenU^  Gvardaa-More$f  e  Ofieiaet  Depuiadoa  ^1702). 

*'  AH  Beligioners,  of  what  family  soeyer,  were  to  be  banished  from  the  Mines. 
**  Their  property  was  to  be  sequestered,  unless  they  remoTcd  in  eight  days ;  and 
**  if  they  had  none  they  were  •  *  *  sent  prisoners  to  the  Bio;  and  from  thence 
**  to  Portugal."— SouTHBT,  Brasil,  in.  p.  147. 

**  Friyate  letters  were  intercepted  and  opened,  under  pretext  of  discoTering 
'*  what  persons  were  engaged  in  the  clandestine  exportation  of  gold." 

Ihid,  p.  253. 
•  Ton  Bschwege,  PhOo  Bra»ilimm$,  p.  280. 

t  '<  The  greater  the  produce  the  greater  was  the  contraband  trade/' 

SoTJTKBT,  BrwtUf  m,  p.  157. 

I "  Notwithstanding  strict  regulations,  a  considerable  quantity  of  the  precious 
"  metal  in  its  original  state  found  ito  way  to  Rio  de  Janeiro,  Bahia,  and  other 
'*  porte,  dandeslinely,  without  paying  the  Royal  fifth." 

Maws,  DraveU  in  Brazil,  p«  247. 

The  stipulation  that  (one  hundred  arroba$J  8936  lbs.  of  gold  a  year  should  be 
paid  as  Royalty,  did  not  proTcnt  contraband  practices. 

BojJTBMt,  Brtmlf  ixz,  pp.  167, 268. 

«'  The  traderr  into  whose  hands  the  gold  passed  debased  it  so  greatly,  that  if 
«<  it  found  ito  way  to  the  Mint,  there  was  usually  a  loss  of  ten  or  tweWe  per  cent. 
**  upon  the  assay.  •  •  •  The  treasurers  were  to  be  carefril  that  they  receiTcd 
f«  good  gold,  without  any  mixture  or  deceit,  and  not  of  low  quality;  they  were 
"  therefore  not  to  accept  in  payment  the  gold  of  Borda  do  Campo,  Congonhas  de 
*<  Sabari,  or  Pitengui,  except  from  persons  resi^g,  or  hsTing  slayes  at  work 
"  there."— IWJ,  pp.  273,  694. 

"  The  goldsmiths  were  the  great  agents  and  allies  of  the  miners  in  their  per- 
<*  petual  cndeaTours  to  aToid  the  payment  of  the  Jiflhi.  It  was  not  possible  to 
**  ascertain  whether  wrought  gold  had  been  Jffthed  or  not ;  and  they  made  it  up 
*'  into  trinkete,  and  pieces  of  such  rude  Ti^grkmanship  as  CTidently  to  betray  the 
*'  purpose  for  which  they  had  been  fabricated." — Ibid,  pp.  264,  695. 

"  When  once  the  gold  reached  the  great  cities,  goldsmiths  were  ready  to  cast 
**  it  into  ingots  and  set  upon  it  the  false  stamp.— /6u/,  p,  595. 
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The  Baron  von  Eschwege — ^whose  official  connexion 
with  the  mines  *  gave  him  access  to  authentic  infor- 
mation,— recapitulates  the  annual  receipts  of  Royalty 
from  1700  to  1820;  f  and  thence  deduces  the  produce 
of  the  Province.  But,  as  divers  modes  of  assessment 
prevailed  at  different  timed,;]:  and  as  smuggling  in- 
creased under  every  arrangement,^ — his  calculation 
was  probably  an  insufficient  one. 

From  1700  to  1820  the  quantity  of  gold,  on  which  Boyalty  wu 

paid,)  has  been  esti-        A«.  TVofr. 

matedat    1,404,312 

„  „  taken  from  Smugglen,] 

amounted  to  ••••••  65S 

Forward 1,404,967 

•  Mr  Ton  Eschwege  resides  at  "^lla  Bica  as  Colonel  of  the  Engineers  and 

Director  of  the  gold-works. 

Ton  Spix  and  Ton  Martins,  Travels  in  Brazil  (EngUah  Translation)  n.  p.  16S. 

t  PMo  BrasiUmns,  pp.  280^3. 

{  Ante,  p.  361. 

{  Southey,  BtobU,  in.  pp.  268—71. 

I  Estimated  quantities  of  gold  obtained  in  Minas  GeraSs  at  different  times. 

Gold 

t ^ » 

Periodi.  Taken  fh>m  Smugglen.  Duty-paid.  Totals. 

Ibt.  Troif^  lb*.  Troif'  Ibt.  ZY^. 

1700—1713 461-284 2,721*396 3,172-680 

1714—1725 —       ......       61,484-376 61,484-376 

1726—1736 —       98,376-000 98,375*000 

1786—1761  —       403,320-723 403,320-723 

1761—1777 203-678 490,921-682 491,126-360 

1777—1820 —       347,489-640 347,489-640 

Totals....   664-962  1,404.312-716 1,404,967678 

From  1700  to  1820  the  amount  of  (fumioj  Royalty  actually  reoeiTed  was 
lbs.  280,862-692  of  gold.— ton  Esohwbob,  PhOo  Brasaiensis,  p.  283. 

'*  The  commutation  was  collected  until  the  aTorage  "  of  the  fifths  "  fell  below 
«  ninety  arrobas  "  (3641-6  lbs.) ;  "  but  from  the  death  of  King  Jos£  "  (in  1777)y 
**  at  which  time  the  decay  of  the  minfs  became  more  and  more  rapid  OTery  year, 
<*  the  arrears  had  been  allowed  to  accumulate,  till,  in  1790,  they  amounted  to 
*'  the  tremendous  sum  of  seTon  hundred  arrv^of  *'  (27}646  lbs.). 

SouTBST,  Brtusii,  iix.  p.  680, 
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Of  the  yield  during  forty  following  years 
the  Records  of  Government  make  but  little 
mention ;  and  other  sources  of  information 
are  few. 

In  1814  the  entire  produce  of 

Minaa  QenSa  waa (228,449  MnatJ  2,194*450  lbs ;  • 

but  of  thia  the  minea  gave  only  (113,127      „     J  1>086*687  „  .  • 

Soon  afterwards,  however,  several  of  them 
became  so  prosperous  f  that  they  attracted 
the  attention  of  foreign  capitalists.  In  1 825 
Gongo  Soco — then  one  of  the  richest  mines  J 
—  was  bought  by  the  Imperial  Brazilian 
Mining  Association ;  and,  shortly  more  than 
a  dozen  others  were  wrought  by  aid  of  British 
money  and  skill.  Many  of  these,  unfortunate- 
ly, proved  unproductive;  and  several  were 
abandoned  after  brief — though  costly — trials ; 
so  that  at  last  Motto  Velho  alQne  was  still 
worked  by  foreigners. 

From  1825  to  1860  the  minea  belonging  to  Engliah  Companies  % 
yielded  aboat 91 ,000 

Forward 1,495,967 

*  Ton  Eschwege,  TUdo  Brtuiiienais;  TabeUarische  Ueberticht  idler  OokUavrtu 
jeden  Districts  in  der  Prooinz  Minat  Oeraes,  in  Jahre  1814,  xxi. 

t  Ante,  p.  216,  Notes  f  $;  Table  VIII,  column  15. 

}  **  Within  fifteen  years  a  larger  amount  of  Duly  has  been  received  from 
**  Oongo  SooOf  than  in  twice  that  time  from  all  the  Province  beside." 

Bms,  Mahobl  Tbixsi&a  db  Souza,  Secretary  of  the  IVMMury  at  Ouro  Preto 
(1844). 

Iba, 

i  From  1825  to  1856  Oongo  Soco  yielded  34,528  of  gold.  Table  IX,  column  46. 

„     1833  „  1846  Cocaet             „           557      „  Ante,  p.  247. 

„     1835  „  1860  Jforro  FtfiAo     „       51,631      „  Table  VILcohmn  26. 

„     1840  „  1844  Catta  Branca  „         3,167      „  Ante,  p.  179. 

„      1844  „  1846  Co/toPrato      „        *    28       „  M«port$  of  the  Imperial 

eiation,  xxxvii.— zux. 
„     1847  „  1853  Agoa  Quente   „  808      „         Ante,  p.  235. 


Forward . .  lbs.  90,719 
£  K  £ 
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Of  those  wrought  by  native  proprietaries,  a 
few  have  been,  at  intervals,  very  rich ;  *  but  in 
general  their  produce  has  materially  declined,  t 

In  1814  the  rivers  afforded  (115,321-25 
oitavas)  1,107768  lbs.  of  gold;:j;  but  the 
gradual  impoverishment  of  the  mines  whence 
their  existing  beds  were  in  great  measure  de- 
rived,§  and  the  gleaning  to  which  they  were 
continually  subject,||  had  so  much  diminished 


Brouglit  forward  ....  90,719  of  gold. 
From  1820  to  1860  Antonio  Pereira,  8.  Joa6  iTel  IZfy,  S.  JM, 
MoeaSbatf  Candongay  S,  Vicente,  Monro  dot  Abnatf  CuiaM^ 
Emilia,  and  Conceifad,  together,  yielded  about   1 ,000 

Total  ....  (say)  ••  91.719 lbs.  TVoy. 

*  During  the  years  1852,-3,-4»  seven  mines  in  the  Munidpality  of  Itabira 
afforded  (263,479-25  oUavae)  2434*900  lbs. 

of  gold,  which  reaUzed (887,177,335  rm)  £99,807  :    9:0; 

atacostof (97,928,266,,  )    11,016:18:8. 

Thus  leaving  a  profit  of (789,249,069  „  )  £88,790 :  10  :  4 

Extraeto  doe  informaedei  prestadaa  pelat  Camanu  e  outrae  AtitoHdade$ 
da  Prodnda  (1855). 

t  "  Ifonomia.— Informa  n  Camara  que.  os  .moradores  do  Forquim  appUea6*8e 
"  a  agrieuUura  *  *  •  Eete  Distrieto  est&  muito  decadente  por  faltar  a  minera- 
"  ^6,  que  por  muitos  annos  o  sustentar.  •  •  e  o  distrieto  do  Infieionado  esti 
"  no  mesmo  estado  que  o  do  Forquim,  •  •  •  O  Distrieto  de  Abre  Campo  tern 
"  varies  terrene  mineraes,  porem  a  popula^S  em  geral  sd  euida  da  cultura."  *  *  * 

8i  Jos^,-^**  Informa  o  Juii  Municipal,  1**  que  aminera^aS  est&  quasi  abandons- 
'*  do  por  falta  de  brakes ;  2^  que  os  principaes  estabelecimentos  safi  de  lavoura  e 
*'  eria^aS  de  gado  vacoum."  •  •  • 

Caethi*-^**  Informa  o  Juls  Munioipal  que  o  estado  da  mineral a5  «  •  «  nao 
*'  offerece  vantagem  pela  falta  de  bra^s  da  qual  se  queizaS  os  mineiroe,  e  agri- 
•*  cultores." 

Sa5arA.~"0  estado  da  mineral  h  prospero  em  variot  Distrietos  deste 

**  Munieiplo."  •  •  • 

Ihid. 

X  von  Esehwege,  Phdo  BroiiUentie,  TaheUarieehe  Uebenieht  dUer  Goldlavrw 
jeden  Diitriete  in  der  Proving  Minae  Oeraee^  p.  xxi.    Ante,  p.  358,  Note  f. 

§  Ante,  pp.  352—6.  fl  Ihid,  p.  357. 
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their  yield  in  1860,  that  the  best-informed  resi- 
dent merchants  estimated  the  entire  produce 
of  the  Province — except  the  only  mine  then 
wrought  by  strangers— at  (140,000  oitavas^) 
less  than  1,350  lbs.  a  year. 

From  1820  to  1860,  therefore,  the  gold  extracted  by  BraiiUan 
speenlators  firom  their  minea,  and  by  FaUcadorM  from  the  riTers 

probably  about ^.. ....• 80^000t 


Thus  from  1700  to  1860,  ICinaa  Geraea  afforded  (some) lbs.  1,676,967| 

of  gold.  Of  late  years,  however,  no  separate  account 
of  it  was  kept,  either  at  the  Provincial  Treasury  or  at 
the  National  Mint ;  §  this  result  must,  therefore,  be  re- 
garded as  but  an  approximation. 

*  **  "Dr,  Marpal  Joa^  dos  Santoa  and  I  agree  in  thinking  that,  exclusive  of 
'*  Iforro  VUho,  the  quantity  of  gold  raised  in  Minas  Geraes  at  present,  amounts 
«<  to  only  (140,000  oUavaa)  1344*826  lbs,  per  annum.^ 

Seftixus  Olliyant,  Esa.,  of  Ouro  Preto,  MBS.  (1860). 

«  Le  Br^sil  adonni  en  1766,  6000  kilogrammes  "  (16,086*416  lbs.  Troy)  *<  d'or, 
**  mais  on  n'estime  gu^e  maintenant  qvL*k  1000  kilogrammes  "  (2,680*903  lbs.) 
"  enTiron  le  produit  de  ce  pays.*'— Lxyt,  Dueripthn  tTtme  collection  de  Mm^raux, 
formde$)arM,  H.  Heuiand,  ii.p.  818  (1838). 

t  **  L'or  qu*on  eztrut  de  divers  groupes  de  terrains  dans  la  province  de  Minas, 
*'  est  a  pen  pr^s  dans  les  proportions  suivantes.    Sur  100  parties ; 

**  Le  groupe  alluvial  • .  •  •  donne  ....  006 


» 


diluvial  ....      „      •  •  •  •  008 
traumateux.      ,.     ••••  060 


„  MAIMMMKVUA.  „ 


it 


quartseau  .  •      „     •  •  •  •  012 
micacique  . .      „      . .  •  •  026 

100" 

CLAV86EN,  BuOetins  de  PAead^mie  Rot/ale  dee  Sciences  de  Bruxellee, 
Till. — Ire  Partie,  p.  828. 

t  Henwood,  Edinburgh  New  PhU,  Journal,  L.  p,  62. 

Mf.  Tr0|f. 

i  •«  Prom  1849  to  1800  ..  ( tho  gold  coined  and  recoinad  )  (7,578,745 oUawu)  721800-688 

**  During  the  financial  I  <  attbe  Hint  In  Rio  de  Janeiro  >  >   857.889  )    8.478*488 

year  1868— 9 I  (  amoontedto )  ^        "^     n     ^    •» 


"\'^";.?.l!!f."?:|  «  -  «  slHWtC     18,000     „      )      194-877 

'*  Much  of  this  consisted  of  Sovreigne  and  other  foreign  money;  but  what  part 
*^  of  the  rest  was  obtained  in  the  Country  is  unknown. 
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Regarding  the  quantity  of  gold  smuggled  out  of  the 
Province  during  so  long  a  period,  it  is  manifestly 
impossible  to  offer  even  a  plausible  conjecture ;  but  it 
is  supposed  to  have  been  at  least  one-fifth  of  the  whole 
produce.* 

As  the  mines  became  less  prosperous  and  foreign 
capital  was  gradually  withdrawn,  the  inhabitants 
improved  their  roads,  and  occasionally  substituted 
wheeled-carriages  for  beasts  of  burden.  Landowners 
who  in  times  past  had  found  work  for  thdr  people  as 
gold-washers  or  as  miners,  now  employed  them  as 
husbandmen  or  as  herdsmen  ;  and  from  unfrequented 
districts,  of  which  the  produce  had  hitherto  been  sold 
at  home  for  less  than  the  cost  of  its  conveyance  to 
market,  neighbouring  towns  were  supplied  with  corn 
and  cattle«t 


"  A  couBiderable  quantity  of  gold-dust,  brought  down  by  Muleteers  and  Shop- 
"  keepers,  is  absorbed  by  the  Jewellers." 

John  MoaoAir,  Esa.,  of  the  British  Legation  at  Kio  de  Janeiro,  MSS.  (1860). 


*  That  one-fifth  of  all  gold  extracted  from  the  Captaincy  had  been  clandestioe]/ 
exported,  was  considered  a  moderate  computation.^-Sox7THBT,  Brazil^  zii.  p.  S20. 

t  **  Attf  certo  tempo  eminentemente  mineira  e  rica  pela  extracpad  do  ouro  e  do 
**  diamante,  ci:\]os  jtkigos  marcavaS  o  ber^o  e  fixarad  o  assento  de  muitas  poTO- 
**  ac6es  Importantes,  hoje  e  de  ha  certo  tempo,  tomando-se  muito  contingentCf  e 
•<  pouco  lucratiya  essa  extracpad,  esta  industria  tem  definhado  e  sofrido  progres- 
"  sIto  abandono,  dirigindo-se  com  preferenda  a  actividade  doe  habitante*  da 
<*  Provincia  para  a  laToura,  e  criaca6  que  encontra6  riquissimos  reoursos  em  '«b 
"  Tasto  e  Tariado  solo  que  j&  Ihe  tem  dado  riquesas  muito  superiores  fis  qife  Ui' 
'*  deu  sua  primeira  industria,  e  por  certo  afian^ao  uma  prosperidade  mais  segura 
«  e  sempre  crescente."— FoMi  ^ue  &  AuembUa  Legitlativa  Provincial  de  Uvm» 
"  Oera€s  dirigio  no  ado  da  abertura  da  Sestao  de  1869  o  Da,  JoAaunc  J)vLHMO 
BiBXiso  DA  Luz,  1®  Vice-Fresidente  da  mesma  Provincia. 
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Notices  of  Gold-Mines  in  Virginia. 

At  considerable  distances  south-east  of  the  Appalla- 
chian  chain,*  an  approximately  parallel  band  of  slate^f 
— which,  in  various  parts  of  its  north-easterly  and 
sonth-westerly  range  from  Canada  to  Georgia  and 
Alabama,  consists  of  talc,j;  mica,^  chlorite, ||  febpar,^ 
and  siliceous  matter**  in  different  proportions, — 
alternates,  at  intervals,  with  short  and  ill-defined  beds 
of  auriferous  quartz.'t't 

*  Madurer  Tramaetioni  of  the  Ameriean  Phiheophieal  SociHff,  i.  ir.8,  p.  10, 
PL  I.  Bogen,  Ameriean  Journal  of  SeteneOf  i.  Second  Series,  p.  474 ;  Reports 
of  the  British  Association,  iy.  ^1884)  p.  2.  Lyell,  TVaveia  in  North  America, 
11.  First  Series,  PI.  L    Whitney,  Metallic  Wealth  of  the  United  Staies,  p.  121. 

t  Hitchcock,  Addreee  to  the  Astoeiation  of  American  Oeolojiite  at  Philadelphia^ 
in  1841,  p.  11.    Whitney,  Metallic  Wealth  of  the  United  Statee,  p.  122. 

I  Dickson,  del  Rio,  MilUngton,  and  Olemson,  Tranaactione  of  the  Geological 
Society  of  Pemujflvania,  i.  pp.  20, 147»  308.  Rogers,  Geological  Eeeonnoieeance 
qf  Virginia  (1836)  p.  68.    Ansted,  Scenery^  Sdenee,  and  Art,  p.  288. 

{  Rogers,  Geological  Reeonnoieeance  of  Virginia,  p.  71.  SiUiman,  Ameriean 
Jownal  of  SdencCf  xxxii.  p.  99.  Whitney,  MetalUe  Wealth  of  the  United 
Statee,  p.  128. 

I  Rogers,  Geological  Beeonnoieeance  of  Virginia,  p.  68.  Clemson,  Transactione 
of  the  Geological  Society  of  Penmylvania,  i.  p.  809.  Whitney,  Metallic  Wealth 
of  the  United  Statee,  p.  122.    Ansted,  Scenery,  Science,  and  Art,  pp.  288 — 9. 

If  Featherstonhaugh,  Excurtion  through  the  Slave  Statee,  ii.  pp.  354 — 8. 

**  Rogers,  Geological  Reeonnoieeance  of  Virginia,  p.  68 ;  Reporte  on  the 
Geological  Survey  of  Virginia  (1839),  p.  47,  (1840)  p.  49.  Whitney  MetaUie 
Wealth  of  the  United  Statee,  p.  128.    Ansted  Scenery,  Science,  and  Art,  p.  289. 

ft  Olmsted,  Ameriean  Jemmal  of  Science,  ix.  p.  6.  Mitchell,  Ibid,  ziii.  p.  1. 
Diekson,  del  Rio,  Millington,  and  Clemson,  Traneactione  of  the  Geological  Society 
of  Penney lvania,i.jpi^.  16, 147, 167, 169,  308.  Rogers,  Geological  Reeonnoieeance 
of  Virginia,  pp.  66 — 70.  SiUiman,  Smith,  and  Maury,  American  Journal  of 
Science,  xxxii.  pp.  98,  ISO,  325.  Rogers,  Resort  on  the  Geological  Survey  of 
Virginia  (1840),  p.  49.  Featherstonhaugh,  Excureion  through  the  Slave  Statee, 
IX.  pp.  354—8.  Mitchell,  Map  of  the  Gold^regian  of  Virginia  (Frederickshurg, 
1849).  Whitney,  Metallic  WeaUhofthe  United  Statee,  p.  128.  Ansted,  Sosnety, 
Science,  and  Art,  pp.  283—93.  Whitney,  Metallic  Wealth  of  the  United  Statee, 
pp.  114 — 34.  Logan,  Geological  Survey  of  Canada^  Report  of  Progress,  1850-1, 
p.  6,    Mining  and  Smelting  Magazine,  ▼.  pw  109. 
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Of  this  formatioii  no  part  has,  hitherto,  been  more 
productive,  than  that  which  traverses  Virginia. 

(a.)  The  Ckancellorsville  or  Qrasty  gold-mines  are 
situate  some  twenty-five  miles  west  of  Fredericksbarg, 
in  an  undulating — rather  than  a  hilly — part  of  Orange 
County ;  where  ill* cultivated  fields,  and  heaps  of  barren 
rubbish,  are  irregularly  interspersed  amongst  copse- 
woods  and  forests.* 

The  rocks,  generally,  bear  30°-40«  E.  of  N.— W.  of 
S.,t  dip  70''-85''  N.W.,  and  consist,  for  the  most  part, 
of  clay-slates,  flecked  here  and  there  with  chlorite  and 
talc.  Their  prevailing  hues  are  buff,  bluish-grey,  and 
brown ;  but  yellowish  and  reddish  shades  are  not  un- 
common. Within  short  distances  of  the  beds  which 
yield  gold  they  are  frequently  of  thick  lamellar  struc- 
ture ;  but  elsewhere  they  are  often  fissile. 

At  distant  parts  of  the  series,  but  on  the  same 
meridian,  several  parallel  bands,  strictly  conform  to  the 
schistose  structure  of  the  adjoining  rocks,  but  materially 
differ  from  them  in  composition.  In  width,  they  are 
seldom  less  than  four,  or  more  than  thirty,  feet  Their 
ingredients  are,  for  the  most  part,  quartz  and  slate ; — 
which  are  often  thoroughly  transfused ;  though  masses 
indifferently  of  either,  are  sometimes  imbedded  in  a 
matrix  of  the  other ;  and  at  intervals  they  form  thin, 
separate  layers;   occasionally,  however,  angular  and 


*  At  and  near  this  place  the  bloodiest  battleo  of  the  war  of  secession  wets 
fought. 

t  In  1840  the  magnetic  variation  was  about  l^E. 

SABUfB,  Phik  Trans,,  1849;  PL  XIT. 
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vein-shaped  bodies  of  translucent  and  milk-white 
quartz  are  enveloped  in  siliceous  matter,  tinged  more 
or  less  with  red  or  brown  earthy  iron  ore.*  Small 
quantities  of  auriferous  iron-pyrites,  oxydulated  iron, 
and  yellow  copper-ore,  beside  grains  and  particles 
of  gold  in  still  smaller  proportions,  are  irregularly 
scattered  through  the  beds  of  ferruginous  quartz ;  and, 
yet  more  sparingly,  through  the  slates  t  which  adjoin 
them. 

One  of  these  deposits  has  been  wrought  to  a  depth 
of  fifteen  iathoms. 

Ore  culled,  in  1852,  from  the  produce  of  earlier 
operations,  yielded  the  undermentioned  proportions  of 
gold : — 

Nature  of  ore.  Proportion  of  (unrefined) 

gold.t 

Quartz,  mixed  with  earthy  brown)   ^  000023214  § 
iron-ore    3  * ' 

Slate,  mixed  with  quartz,  earthy)       000004066  § 
red  iron-ore,  and  iron  pyrites  . .  J  * 

•  Anie,  pp.  181—2.  801—2. 

t  IMd.  pp.  178, 186,  299, 300,— 1,-2,— 4. 

X  Johnson  and  Metthey,  Pntpeehn  of  the  ChaneeUonftiUe  Mins$  (1864),  p«  8. 

^  From  a  similar  formation  at  WaUon,  in  Louisa  County,  some  miles  south- 
west of  Orattjff  the  following  proportions  of  gold  were  obtained  :— 

NatvM  of  oro.  ProportioB  of 

unrefined  gold. 

(1.)  Quarts,  slate,  brown  iron-ore,  and  iron-pyrites;   from,  >         n.AAAiioAft 

which  "  all  the  yisible  gold  had  been  carefully  picked." ..}••••"  wiuiiwo 

(2.)  Quarts,  slate,  and  brown  iron*ore;  an  aTerage  of  the  I         0*00028^71 

general  produce    ••••• •••.. •  j....wuw^o/i 

(3.)  *'  Quarts,  taken  at  random  from  the  heap  of  ore  " 0*00071429 

.  (4.)  Quarts,  **  pieces  selected  on  account  of  their  showing  )         a.^a^uvqc't 
"  gold  to  the  naked  eye  "    J  ....  0  00467867 

SiLUXAV,  American  Journal  of  Science,  xxxii.  pp.  109—116. 
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The  different  proportions  of  silver  associated  with 
the  gold  in  varioas  matrices  are  shown  in  the  following 
column^. 

Proportions  of 
Nature  of  matrix.  Gold.*     fiUrer.*  Totali. 

Quartz,  mixed  with  earthy  brown )  ^^ .    „ 

^  -^  '  0776  0-224    1- 


iron-ore 


233    1- 


Slate,  mixed  with  quartz,  earthy 
red  iron -ore,  and  iron-pyrites 

At  Grasty^  therefore, — ^as  well  as  at  Morro  Velho\ 


^rthy ) 

.,     ^  \  0767  0- 
ites. .  ) 


•  Mitchell,  Protpeehu  of  the  ChaneeUoraviOe  Minet,  p.  8. 

**  Silver  is  occasionally  found  in  connexion  with  the  gold." 

BooBBS,  QtoHogioal  Beoonnoiaiance  of  Virginia  (1S86),  p.  68. 

f  At  Morro  Velho^  certain  poorer  and  lighter  kinds  of  selected  ore,  which  the 
tiamp9-vmier  (Table  VIL  Note  %)  washes  off  the  Canoae  and  deposits  on  the 
(Praia)  margin  of  a  neighbouring  river  (Ante,  p.  355),  are  there  collected  and 
again  ttampedt  with  slightly  auriferous  ("  kilicu  ")  slate  and  other  ingredients 
of  inferior  quality.  But  as  the  gold  they  afford  is  less  (fine)  pure  than  that  con- 
tained in  the  richer  ore,  the  two  are  reduced  separately. 

The  first  two  of  the  following  analyses  were  made  by  Messrs.  Johnson  and 
Matthey  after  the  last  had  been  already  printed  (Anie,  p.  334,  Note  ft). 

Metal  obtained  firom  the  richer  ores. 

(1) 

Gold    0-8083  .. 

Silver 01850  .. 

Lead 0*0010  .. 

Bismuth 0  0020  .. 

Copper     ...• ••••  O'OOOS  .. 

Antimony   00007  . . 

Arsenic 0*0022  .. 

Iron    .••• ••...•••  — 

Mercury  (traces)  and  loss . .  — 


Metal  obtained  tn 
(2.)     ^**" 

»m  infisrior  ores  and 
\$J  elate. 

(3.) 

....  0-7910  .. 

....  0-7499 

....  0*1865  .. 

....  0*1798 

.  ••  00090  •• 

....  0*0180 

....  00020  .. 

....  00135 

....  0*0015  .. 

....  0*0045 

....  0*0055  .. 

....  0-0030 

....  00030  •• 

....  00105 

...•  0-0010  •• 

....  0-0195 

....  0*0005  •• 

....  00018 

1- 

1- 

John  Hooxik,  Esq.,  Managing  Director  of  the  Saint  Johnd'cl 
Rey  Company,  MSS. 
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and  Oongo  Soco^— the  more  largely  the  matrix  is 
impregnated  the  greater  is  the  (fineness)  purity  of  the 
(crude)  gold. 

(6.)  At  Woodvilk,  some  three  miles  north-east  of 
Chrasty^  the  yellowish  buff-coloured,  thin-lamellar, 
talc-slate,  which  ranges  15"— 20'  E.  of  N.— W.  of  S., 
and  dips  66* — 75°  W, ;  is  conformably  interlaid  by  two 
auriferous  beds,  about  six  fathoms  apart  To  a  depth 
of  thirteen  fathoms,  one  averages  about  fifteen,  the 
other  perhaps  seventeen,  feet;  at  intervals,  however, 
portions  of  both  are  merely  a  few  inches  wide.  Like 
the  corresponding  bands  at  Orastt/,  they  consist  in 
great  measure  of  quartz t  and  slate;  often  largely 
interspersed  and  deeply  tinged  with  earthy  brown  iron- 
ore,  but  sometimes  thinly  sprinkled  with  iron-pyrites. 

**  It  has  been  proved,  by  repeated  experiments  during  the  year,  that — owing, 
"  probably,  to  a  larger  amount  of  eilTer,— the  precious  metal  contained  in  the 
"  kiXlat  is,  in  quality,  four  earais  inferior  to  that  obtained  from  the  (pyrites)  ore." 
DxansoH,  BeporU  of  the  Sami  John  iTel  Rey  Companff^  xxxy.  p.  62. 

•  Gcnffo  8oeo,  Tabk  IX.,  columns  2—6, 46—7. 


Dqrth% 


41- 
70- 


198 


Workpeople. 

FreeBraBOIaM 
and  SlsTsi. 

578 


Totals. 
776 
686 


Gold. 
Um.  (iy»y)estraetad. 


2,988-466 
614*602 


Parity  (TocayBaMm»  of 
21  carats  0*7  grains. 
20 


ft 


t  '*  The  material  of  the  [gold]  yeins  is  a  yariegated  quarts,  sometimes  trans- 
"  lucent,  at  others  opaque.  It  is  generally  of  cellular  structure,  fractures  with- 
'*  out  much  difficulty,  and  in  many  instances  contains  a  considerable  quantity  of 
**  water.  Its  surface,  recently  exposed,  displays  a  yariety  of  tints  of  brown, 
**  purple,  and  yellow,  of  such  peculiar  aspect  as  to  resemble  a  thin  lacquer  spread 
**  unequally  oyer  the  rock.  The  cavities  are  often  filled  with  a  bright  yellow 
**  ochre,  or  hydrated  peroxide  of  iron,  which  generally  contains  gold  in  a  state 
«  of  minute  dirision.  Sulphuret  of  iron  (pyrites)  is  another  accompanying 
**  mineral,  which  in  many  mines  occurs  in  considerable  quantities/' 

RooBBS,  Otologieal  RBOomnointmee  of  FIryttiMi,  p.  67. 

Fcatherstonhaugh,  Exewnon  through  the  Slave  States,  n.  p.  865.  Anie,  p. 
822. 
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Although  no  part  is,  perhaps,  absolutely  barren,*  most 
of  the  gold  is  disseminated  either  in  the  earthy  brown 
iron*orei  or — within  short  distances  of  certain  short 
joints  and  drusy  cavities — in  the  quartz. 

(c.)  At  Whitehall,  in  the  county  of  Spotsylvania, 
gold  is  likewise  scantily  strown  through  a  similar 
matrix  of  quartz,  slate,  and  earthy  brown  iron-ore; 
and  rich  granules  are — like  the  native  silver  of  Tre- 
hisAen-greenf'f — here  and  there  encased  in  small  masses 
of  galena.^  Trifling  quantities  of  black  tellurium  also 
cccur  in  the  quartz,§  and  sometimes  encrust  the  gold. 

(rf.)  At  the  Buckingham  (Hesse's  and  Eldridges) 
mines,  near  Maysville  in  the  county  of  Buckingham, 
a  rather  fissile  and  somewhat  contorted  clay-slate,||  of 
homogeneous  texture  and  leaden  hue, — the  lowest  rock 
observed  in  that  neighbourhood, — is  succeeded  by  a 
narrow  band  of  whitish  quartzose  mica-slate,1[  fre- 

*  '*  Besideo  the  auriferoos  yeino  of  the  region  in  whiob  gold  occviny  there  exist 
'*  many  other  yeins  of  quarts  agreeing  with  those  which  hare  been  found  prodne- 
**  tire  in  nearly  all  particulars,  sare  that  of  containing  a  Taluable  proportion  of 
**  the  precious  metal.  It  is  probable  that  none  of  these  yeins  are  entirely  deiti- 
**  tute  of  gold,  and  in  many  instances  no  doubt  the  prosecution  of  the  vein  would 
**  lead  to  the  discoTcry  at  other  points  of  it,  of  an  ore  sufficiently  rich  to  reward 
'*  the  labour  of-  extraction.  Indeed,  it  must  be  looked  upon  as  probable,  tb«t 
**  the  auriferous  character,  more  or  less,  pervades  the  quarts-Teins  generally' 
«  •  s  •  The  striking  similarity  in  the  character  of  them  all,  and  the  obrioos 
*'  e<mi€tnporanwumu»  of  their  origin,  would  seem  to  gire  great  plausibih'ty  to 
"  this  opinion."»RooBBB,  Q§olog%cal  ReeonnoUumee  of  Ktr^tnio,  p.  70. 

t  Ante,  p.  120,  Note. 

t  Rogers,  Oeological  Reconnoissanee  of  Virginia,  p.  68. 

i  Henwood,  Comwatt  Oeol,  TVoiw.,  vii.  p.  229.  (Whitney's)  MMOic  Wealih 
<f  the  Uniied  States,  p.  128. 

U  Rogers,  Geoloffieai  JReoormoieeance  of  Virginia,  p.  71.  JReporie  on  th^  Ge^ 

Sficai  SHTMy  of  Vityimia,  1839,  p.  47 ;  1840,  p.  49.    Henwood,  Mining  Jcetrnal, 

29th  January,  1863  ;  (Whitney's)  MHaUie  WeaUh  of  the  United  Statet,  p.  1^8. 

%  <*  Rogers,  Geological  Reoonnoisaanee  of  Virginia,  p.  72;    Reports  en  the 

Qeologieal  Survey  of  Virginia,  1839,  p.  46;  1840,  p.  48.     Henwood,  MetaUie 

Wealth  of  the  United  States,  p.  128. 
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quently  interspersed  M^ith  talc ;  the  auriferous  deposit/ 
which  succeeds,  is  overlaid  by  thin  lamellar  greenish- 
white  chloritic  talc-slate,t  now  and  then  flecked  with 
mica. 

The  series,  generally,  ranges  20^—30''  E.  of  N.— W. 
of  S.  and  dips  40"— 60**  S.E.J 

The  metalliferous  bed  § — conforming  to  the  dissimi- 
lar flexures  of  the  rocks  on  opposite  sides, — varies  in 
width,  from  three  to  twenty  feet  on  the  north-east,  but 
from  four  to  five  only  towards  the  south-west.  The 
north-eastern  portions  consist,  near  the  surface,  of 
granular,  massive,  and  cellular  quartz;  sometimes  im- 
bedded in,  but  frequently  mingled  with,  earthy  brown 
iron-ore.  Traces  of  galena  occur  at  intervals;  and 
small  drusy  cavities  often  afford  crystals  of  the  phos- 
phate of  lead,  and  of  selenite.  The  quartzose  parts 
contain  bodies  of  friable  iron-pyrites;  of  which  the 
most  deeply  seated  are  the  largest  and  most  numerous. 


•  Henwood,  Mining  Journal,  29tli  January,  1833 ;  (Whitney*!)  MetaUie  WeaUK 
of  the  United  SlatM,  p.  128.     Anited,  Scenery,  Science,  and  Art,  p.  288. 

t  Bogersy  Geologiccd  Beconnoiuanee  of  Virginia^  p.  72 ;  ReporU  of  the  Geolo* 
gical  Survey  of  Virginia,  1840,  p.  48.  Henwood,  Metattie  Wealth  qfthe  United 
States,  p.  128.    Anated,  Scenery,  Science,  and  Art,  p.  288. 

X  Parts,  American  Mining  Magazine,  ix.  p.  379.  Henwood,  Metallic  Wealth 
of  the  United  Statee,  p.  128.    Ansted,  Scenerg,  Science  and  Art,  p.  288. 

^  At  the  '*  Buckingham  Mines  and  those  of  Mr.  Bldridge,  the  ore  *  *  *  is 
**  an  auriferous  pyrites,  occurring  in  a  whitish  or  white  schist.  The  vein  is 
"  worked  at  a  depth  of  90  feet,  or  thereabouts,  but  has  been  proved  to  160,  and 
«  remains  uniform.  It  yields  about  (0*00000919  iu  weight)  6  dwts.  of  gold  to 
<*  the  ton,  and  some  silver.  Of  this  there  seems  an  indefinite  quantity;  and 
"  from  the  Buckingham  mine  there  were  obtained  about  1500  ounces  of 
'*  gold  in  the  course  of  last  year.  The  expense  of  getting  and  reducing  is 
**  estimated  at  16  shillings  per  ton,  but  there  is  much  loss.  About  20  tons  of  ore 
**  per  day  are  crushed  and  amalgamated  on  an  average,  the  daily  yield  lately 
'*  being  (0*00000996  its  weight)  130  dwU.   *  •  •  About  80  feet  down  firom  the 
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These — like  the  productive  deposits  at  Motto  Velho* 
Cronebane;\  and  Connorreej:— enclose  isolated  masses 
of  copper-pyrites ;  §  invested  occasionally  with  copper- 
glance,  but  more  generally  with  earthy  black  copper- 
ore.  The  south-western  portions  include  many  un- 
connected, angular  blocks  of  slate ;  ||  of  all  which  the 
compositions  resemble,  and  the  planes  of  structure 
conform  to,  the  compositions  and  structures  of  the  rocks 
in  their  respective  neighbourhoods.  Except  in  this 
particular,  and  that  massive  quartz  is  more  abundant, 
the  south-western  parts  differ  but  little  from  the  north- 
eastern. 

**  STirfaoe  threads  of  copper  ore  were  fouad,  consiiting  of  copper  pyTitee  mingled 
**  with  the  iron  pyrites  which  forms  the  staple.  These  hare  gmduaUy  increased, 
"  but  at  present  Uiere  seems  little  chance  of  any  very  important  rvsalt  for  copper. 
<f «  •  e  Little  oxide  of  iron  appears  here  at  any  considerable  depth  below  ths 
^  surikce." — Akstbd,  Seentry,  Seimcet  and  Art,  p.  28S. 

•AnU,  p.  196 ;  Tabk  VI.  columns  8, 11,  14,  17. 

t  Weayer,  OeoL  TVan$.,  v.  (o.B.)  p.  215,  Kenwood,  Proceedings  of  ike  Rojfol 
Oeol.  8oe.  of  Comwatt,  9th  Oct.  1840. 

t  Henwoody  Proeeedinffa  of  the  Royal  Geol.  Soe,  of  Cornwall,  9th  Oct.  1840. 
Smyth,  Recorde  of  the  School  ^f  Minee,  x.  p.  283. 

f  This  ore  afforded— 

0*230000  ito  weight  of  copper;— 
0-001142  „  silver;— 

0*000080  „  gold. 

JoKKBOK  ft  Matthbt,  Proepedut  of  the  London  %  Virginia  Mining  Company t  p*  2. 
At  San  Pedro  near  Copiapd  a  thin  natural  gilding  eoyers  Che  faces  of  certain 
short  joints  in  a  rich  mass  of  grey  copper ;  and  grains  of  gold  are  imbedded  in 
the  same  ore. — Sampsok  Watb&s,  Bbo.  of  Copiapd,  MSB. 

I  **  In  many  places,  *  *  *  the  lodee,  when  large,  consist  almost  wholly  of  s 
'*  rery  white  crystalline  quarts,  abounding  in  drusy  cavities  (vughe)  lined  with 
'*  crystals  of  the  same,  and  enclose  innumerable  disjoined  pieces  of  slate.  These 
'*  masses  of  slate  are  in  general  very  sharply  defined,  present  but  few  traces  of 
**  transition  into  the  quarts,  and  are  commonly  very  uniform  in  their  positions ; 
"  frequently,  however  they  have  a  sort  of  flinty  character  which  obscures  any 
*'  traces  of  cleavage.  Tho  caiaties  lined  with  crystals,  and  the  included  spots 
**  of  slate,  are  most  unequivocal  signs  of  poverty,  wherever  they  may  occur." 

Hbk WOOD,  Cornwall  Geot.  TVans.  r,  p.  239. 
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In  1852  the  mines  were  about  twenty*six  fathoms 
deep;  but,  from  fourteen  fathoms  downward,  the— 
almost  exclusively  pyritic — formation  remained  un- 
wrought.  The  earthy  brown  iron-ore  and  the  quartz 
are  slightly  auriferous  when  separate ;  but  when  united 
in  certain  manners  and  proportions,  —  more  easily 
recognized  than  described, — they  frequently  enclose 
email  nuggetSy  thin  plates,  and  crystalline  grains, 
united  by  threads  of  gold;  which  constitute  from 
O-0000066  to  0-0000070  of  the  ore  extracted. 

(e.)  At  the  (Booker)  Gamett  and  Moseley  mines, 
north-west  of  Willis's*  mountain  in  Buckingham,  the 
auriferous  series  bears  30**-45**  E.  of  N. — W.  of  8.,  and 
dips  26"*— SO"*  N.W.f  The  rocks  contain  mica,  talc, 
and  chlorite,  in  large,  but  ever-varying,  proportions ; 
as  one  or  other  prevails,  therefore,  portions — as  well  of 


*  '<  A  gii«M  of  A  very  peculiar  deoeription  oeenrs  in  WiUis'o  mountaini  Bnck- 
« isgham,  atsociated  with  teveral  interesting  minerals.  The  rock  it  generally 
**  of  a  rich  pink  or  purple,  owing  to  a  Urge  proportion  of  the  oxide  of  iron 
"  diMcminated  throagb  it,  causing  it  moreover  to  be  very  ponderous.  The  mica 
**  and  augite,  which  appear  to  be  large  oomponents  of  the  mass,  give  it  a  very 
**  brilliant  aspeet  •  •  e  It  is  sometimes  studded  with  minute  cells,  containing 
**  hematitio  oxide  of  iron.  Nearly  the  whole  of  the  principal  peak  of  the  moun- 
"  tain  is  made  up  of  this  beautiful  rock,  which,  rising  in  the  form  of  a  wedge  to 
**  the  height  of  several  hundred  feet,  presents  a  narrow  wall  of  nearly  vertical 
**  strata  along  the  summit.    The  dip  is  west" 

RooBBS,  Otoloffieal  Reeotmoisionee  of  Virsfinia,  p.  68. 

t'*  Between  the  Buckingham  and  Eldridge  mines,  and  the  Oamett  and 
**  Moseley,  abundance  of  iron  and  quarts  appear  at  the  surface.  The  latter  mines 
**  are  opened  on  rocks  about  li  mile  east  of  the  former,  and  probably  belong  to 
*'  different  bands  of  quarts.  The  strike  is  somewhat  different  and  the  dip  much 
**  more  considerablei  amounting  to  as  much  as  one  in  four  for  the  first  100  feet 
**  from  the  place  where  the  rock  begins  to  hold  together.  The  strike  here  is 
"  north  and  south,  ranging  a  little  to  east  of  magnetic  north,  and  in  some  places 
"  changing  to  north*eatt  and  south-west." 

AwBTBD,  Seenery,  SciMce,  ^  Art,  pp.  288^9. 
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the  same,  as  of  different  lamins — but  a  few  inches 
apart,  are  of  either  micaceous,  talcose,  or  chloritic 
slate.*  Near  Oarnett's  old  engine-shaflt,  a  soutli-west- 
ern  part  of  the  works  long  since  abandoned,  blocks  of 
gneiss  are  mixed  with  heaps  of  other  rubbish. 

The  principal.  Western,  Black,  Seay,  Big-hiU^  and 
other,  smaller,  auriferous  beds,  in,  and  immediately 
north-west  of,  the  Oamett  and  Mo$eley  mines^  niaintain 
a  tolerable  parallelism ;  except  where  they  are  affected 
by  unequal  flexures  of  the  adjoining  rocks;  to  the 
schistose  structure  of  which  they  strictly  conform. 

Portions  of  tke  Principal  bed  aro  as  much  as  16  feet  wide 
„  WeBUm         „  „  5      „ 

n  -5^*  n  n  ^        n 

BiQ^m        „  „  18      „ 

but  their  average  widths  are  much  less ;  and,  witfain 
short  distances,  some  of  them  divide,  dwindle,  and  die 
away ;  occasionally,  however,  they  reappear  and  again 
enlarge  • 

The  slates  beneath  the  principal  bed  underlie  40"* — 
60''  N.W.,  but  those  above  it  preserve  the  same  in- 
clination to  a  depth  of  ten  fathoms  only,  and  thence 
downward  dip  20** — 30^   As  the  (hanging-wall)  north- 

• — • I  I.I  1  -^ 

*  At  the  Garnett  and  Moseky  minet  *'  th«  aurfaee  shews  a  belt  more  ferrnginoas 
'*  than  the  rest  of  the  oonntry  around,  ranging  north-north-east  and  south-south- 
"  west,  and  dipping  west.  *  *  *  It  is,  howereri  subdivided,  including  distinct 
**  bands  of  mixed  quartsy  threads  and  rotten  red  and  yellow  or  greenish  sohists. 
'*  On  these  repose  bands  of  talcose  or  chloritic  schist,  which  pass  into  an  im- 
*'  perfect  steatite.  *  *  *  All  these  are  on  the  east  or  lower  side  of  the  series. 
"  In  the  middle,  between  the  two  well-marked  auriferous  bands  which  next  sue- 
"  ceed,  is  a  certain  thickness  of  hornblendic  greenstone,  hard,  and  tolerably 
"  compact."— Anbtbd,  Scenery^  Sciewe  and  Art^  pp.  289^90. 
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western  side  recedes  from  the  (foot-wall)  south-eastern, 
and  the  auriferous  bed  between  them  becomes  broader, 
it  encloses,  lengthwise,  a  wedge-^shaped  (horse)  mass 
of  slate ;  which  widens  downward, — partakes,  in  some 
measure,  the  mineral  character  of  the  surrounding 
vein-stone, — ^and  in  structure  coincides  with  the  neigh- 
bouring rocks.* 

In  1852  the  only  works  more  than  seven  fathoms 
deep,  were  on  the  principal  bed,  where  they  were 
nearly  sixteen  fathoms. 

Quartz  and  slate — ^though  differently  apportioned 
and  disposed  in  divers  parts  of  the  auriferous  deposits, 
— are  always  chief  ingredients;  small  quantities  of 
felspar  are  scattered  throughout;  but  earthy  brown 
iron-ore — albeit  in  abundance — occurs  near  the  surface 
only.  Deeper  portions  of  the  principal  bed,  however, 
afford  also  calcareous  spar,  iron-pyrites,  and  crystals 
of  common  gametf  Short,  thin  veins  of  felspar, 
quartz,  or  calcareous-spar, — sometimes  enclosing  other 
substances, — intersect  all  these  metalliferous  beds  at 
intervals ;  irrespective  of  their  slightly  foliated  struc- 
ture, which  is  generally  parallel  to  the  cleavage  of 
the  adjoining  strata. 

«  AnU,  pp.  191—4, 261. 

t  *'  The  enclosing  rock,  which  within  20  feet  of  the  surface  is  hardly  to  be 
"  distinguished  from  the  vein,  gradually  changes  below  this  point,  and  within  a 
"  depth  of  10  or  15  fleet  becomes  a  hard  compact  talcose  schist,  often  containing 
«  fine-garnets,  and  not  unfrequently  iron  pyrites.  In  this  schist,  at  a  small  depth, 
**  are  a  multitude  of  quarts  threads,  and  farther  down  these  threads  come  to- 
**  gether,  forming  a  distinct  quarts  band,  often  enclosing  portions  of  the  schist. 
"The  gold  disseminated  indifferently  near  the  surface,  amongst  the  quartz, 
**  rotten  schists,  and  enclosing  walls,  gradually  collects  together  into  threads, 
**  usttlUy  ranging  with  the  schistose  portions  within  the  quarts  band." 

AifSTBD,  Scenery,  Science,  and  Art,  p.  290. 
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The  shallower  parts  of  all  contain  particles  and 
grains  of  gold ;  but  at  greater  depths  in  the  principal 
bed,  flakes,  granules,  nuggets^  and  threads  here  and 
there  intertwine  the  quartz  with  groups  of  golden 
filigree.  Tellurium  often  accompanies  the  gold ;  bnt 
it  is  never  abundant.* 

The  richer  portions  maintained — without  appreciable 
(shoot)  endlong  dip,  or  material  change  of  hardness, — 
the  same  horizontal  extent  for  many  fathoms  of  vertical 
range ;  and,  for  two  or  three  years,  they  were  (stoped 
under-hand  f)  wrought  by  much  the  same  numbers  of 
(slaves)  X  )  workmen,  as  fast  as  the  mines  were  deepen- 
ed. The  weights  of  gold  obtained  in  equal  times, 
afford,  therefore,  some  clew  to  the  comparative  rich- 
ness of  the  vein-8toi]|e  at  different  depths. 


Tears. 


1850 

1851 

1852  (8  months) . 


QanuUMvu. 

Gold; 


AnnoU 
prodace  of; 


86-75 
20-17 


Annnal 
ratio  of. 


1- 

0*823 


Gold; 
Annual 
prodace  of; 
tte.  Tro^. 

97-92 
71-74 
81-19 


Annnal 
ratio  of. 

1 

0-782 

0-478 


•  AnUt  p.  336,  Note. 

t  Came,  ComwaU  Geol  TVoiw.,  nx.  p.  70.    Ante,  pp.  283 — i. 

}  From  1850  to  1862  slaves  were  hired  at  (100  doOarM)  £20 :  16  :  8  a  year  eaeh. 
The  rations  allowed  them  were— 


24  lbs.  of  Indian-corn  meal,  which  cost  rattier  I 


0  :  If  per  day  „ 
0:2 


y» 


It 


» 


ft 


less  than  (one  penny  three  farthingi 
I  lb.    „  Bacon,,  (twopence) •••..     0  : 

The  food  of  each  slave  cost  therefore  (less  than  )     n  •    n .  a 

four  pence)  (     "  •    «  •  * 

W.  M.  MosBLST,  Esq.,  MSS. 

From  1840  to  1848  the  hire  of  slaves  in  Brasil  averaged  (one  hundred  mUnii) 

£11  :  6  :  0  a  year  each.    fTable  IX,  Note  e.J 
„    —   „    their  rations  consisted,  however,  of  firesh  beef,  baeon,  beans, 
Indian-corn  meal,  and  vegetables ;  beside  coffee,  sngar, 
and  rum  (AnU^  p.  292,  Note). 

In  Braiil,  therefore,  the  slave- owner  derived  less  profit,  but  the  slaves  were 
better  fed,  than  in  Virginia. 


Gold-Mines  in  Virginia.  383 

These  results  show  the  proportion  of  gold  to  have 
been  larger  in  the  shallower  and  narrower,  than  in  the 
deeper,  wider,  and  flatter  *  parts  of  the  principal  bed. 

Selected  samples  contained  (3  oz.  16  dwts.^)  0*085659  ;  but  ores 
from  a  depth  of  fifteen  fathoms  in  the 

graini 
per  ton 
Gamete  Mine  yielded,  on  an  average,  (242*36)  0*000015  their  weight  of  gold. 

Moieley    „  „  (194*87}  0000012  „ 

Choice  specimens  of  ore  from  both  mines  afforded 
gold  21  carats  1*375  grain  fincf 

Ite.  doUari. 

The  108  49  CTroy)  of  gold  obtained  in  1851  realised  (24,015-45)  £5008    2    6 

„    cost  of  extraction  I amounted  to  (12,562*00)    2617    1    8 


„    year's  operations,  thereforoi  gaye  .  •  a  profit  of    11,453-45  £2,286    0  10 


The  beds  of    many   streams  have  afforded   large 


*  Thomas,  Report  on  a  Survey  of  the  Mining  District  from  ChacewtUer  to 
Camborne,  p.  20.    Henwood,  ComtoaUHSeol,  Trans,,  T.  p.  231.    Ante,  pp.  82-8. 

t  Johnson  &  Matthey,  Prospectus  of  the  Gamett  4r  MoseUy  Gold  Mining 
Company,  p.  2. 

t  **  Expense  of  working  the  Gamett  and  Moseley  mines  daring  the  year  1851." 

Salaries  of  two  Superintendents • 700  dollars. 

Wages  of  two  Miners  • , ••       600      „ 

„        two  Engineers  and  their  two  Assistants  .. ..       700       „ 

Food  of  Miners  and  Engineers 360      „ 

Hire  of  sixty  Slayes  ..••••    at  90  dollars  a  year  each. .  5,400      „ 

10,920  Ihs.  of  Bacon „  8  cents  per  lb.     •..«••       880      „ 

262  barrels  of  Indian-corn.  „  3  dollars  per  barrel. • . .       792      „ 

Clothing  for  Slaves   600      „ 

Keepof  Cattle 430      ,, 

Iron,  Steel,  Bope,  Powder,  Safety-fuse,  &o 2,100      „ 


12^562  dollars. 


W.  M.  MoSBLBTy  Ebo.,  MSS. 
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quantities  of  detrital-gold  ;♦  bnt,  with  few  exceptions,! 
the  masses  have  been  small. 


*  *<  In  the  county  of  Looisa  great  tucceM  attended  the  o|>erations  of  tome 
'*  persons  who  had  unexpectedly  come  upon  an  extraordinary  rich  bed  of  auriferous 
*<  gravel,  from  which  in  six  days  they  extracted  natire  gold,  in  grains,  of  the  Tslue 
**  of  ten  thousand  dollars.  •  •  •  Soon  after  this  discovery,  the  vein  from  whence 
''  it  was  derived  was  also  found,  consisting  of  a  pale  porous  quartz,  thickly  studded 
**  with  knobs  and  lamine  of  native  gold,  and  upon  comparing  specimens  of  it 
"  with  "  that  obtained  from  the  gravel  *'  I  found  that  many  of  the  ptpiias,  or 
*'  knobs  of  gold,  corresponded  in  form,  although  the  alluvial  gold  was  rounded 
*'  and  worn  by  the  action  of  the  water." 

Fbathbbstoxhauoh,  Excunion  through  the  Slave  SUttes^  ix.  p.  3o3. 

**  Kothing  is  more  common  in  these  deposits  than  to  find  masses  of  quarts 
"  with  small  lumps  of  native  gold  imbedded  in  them,  resembling  in  every  par- 
**  ticular,  others  which  are  taken  from  veins  now  in  place,  the  heaviest  masses 
*'  being  always  found  nearest  to  the  auriferous  strata,  and  the  particles  of  gold- 
**  dust  at  the  greatest  disUnce  from  them."— /ftuT,  p.  361. 

"  Washings  were  formerly  carried  on  successfully  in  a  small  gnlly  running 
"through  the  (Waller)  estate;  and  on  searching  for  the  veins  whence  the 
"  auriferous  sands  had  been  removed,  they  were  found  distinctly  marked  close 
"  to  the  surface." — Anbtbd,  Scenery ^  Seienee,  and  Art,  p.  284. 

'<  In  the  alluvial  deposits  gold  is  sometimes  very  much  water-worn  and  in 
**  -comminuted  particles  and  sometimes  in  noggets  of  a  considerable  sise,  rough 
*'  and  angular  with  quarts  still  adhering  to  them  as  if  they  had  not  been  carried 
*'  far  from  the  vein  whence  they  were  detached.  *  •  * 

*'  Silver  is  always  associated  with  the  gold  [of  Canada]  to  the  extent  of  from 
*'  10  to  16  per  cent." 

DAWSOir,  Report  on  the  Canadian  Oold  Fields,  p.  80.    (1866.  Printed  by 
order  of  the  Legislative  Assembly.) 

t  A  nugget  of  nearly  nine  pounds,  beside  many  masses  of  a  few  ounces  each, 
"  were  mixed  with  grains  of  gold  in  the  bed  of  a  rivulet  immediately  south  of 
''  the  Gamett  and  Moaeley  mines. 

Major  MiiiLBa,  Superintendent  of  the  Moeeley  mine,  MSS. 
A  subterranean  Indian  rillage  was  discovered  in  Nacooche  valley,  Georgia, 
by  gold  miners,  in  excavating  a  canal  for  the  purpose  of  washing  gold.  The 
**  depth  to  which  it  is  covered,  varies  from  seven  to  nine  feet;  some  of  the  houses 
**  are  imbedded  in  a  stratum  of  rich  auriferous  gravel.  They  are  34  in  number, 
'*  built  of  logs  from  six  to  ten  inches  in  diameter,  and  from  ten  to  twelve  feet  in 
'*  length.  The  walls  are  ttom  three  to  six  feet  in  height,  forming  a  continuous 
"  line  or  street  of  300  feet.  The  logs  are  hewed  and  notched  as  at  the  present 
'*  day.  The  land  beneath  which  they  were  found  was  covered,  on  its  first  settle* 
'*  ment  by  the  whites,  with  a  heavy  growth  of  timber." 

DiCKspw,  Trana,  Geol.  Society  of  Penmylvania,  t,  p.  26. 
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On  the  Native  Copper  of  Lake  Superior. 

The  rich  metalliferous  series  immediately  south  of 
Lake  Superior,  overlies  three  large  ranges,  and  several 
smaller  tracts,  of  granite.*  The  first  reaches  the  shore 
near  Presqu' isle  and  Huron  river  ;-the  second  extends 
from  Chocolate  river  beyond  the  Machi-gamig ; — the 

*  *'  Granite  forms,  for  the  most  part,  the  rim  of  the  Lake  Superior  basin.  •  •  « 
It  appears  in  low,  undulating  hills,  nowhere  attaining  a  greater  elevation  than 
(1,873  feet  aboTe  the  lake)  2,500  feet  above  the  ocean.  On  the  northern  shore, 
it  is  more*widely  distributed  than  on  the  southern ;  but  its  geographical  boun- 
daries have  been  imperfectly  determined.  •  *  * 

"  Granite  forms  the  coast  between  Presqu*  isle  and  Granite  Point.  Proceeding 
-westwardiy,  it  expands  rapidljr  until  it  attains  a  width  of  twenty-five  miles.  *  •  * 
The  extreme  length  of  this  granite  axis  is  sixty  miles,  and  its  culminating  points 
rise  1,200  feet  above  the  lake. 

**  Another  granite  boss  rises  to  the  south  of  that  above  described,  and  ranges 
in  a  nearly  parallel  direction  for  about  thirty-six  miles.  The  interval  between 
them  is  from  twelve  to  fifteen  miles  in  width.  *  •  • 

**  Farther  west,  another  granite  belt  starts  from  the  head  waters  of  the  Onto- 
nagon river,  and  thence  extends  to  the  western  limits  of  the  district.  *  *  *  It 
is  probable  that  this  belt  is  a  continuation  of  that  first  described,  but  we  have  nat 
been  able  to  trace  the  continuity.  *  *  * 

**  There  are,  also,  numerous  insulated  patches  of  granite  scattered  through  the 
crystalline  schists.  *  *  * 

"  The  Huron,  Granite,  and  Middle  islands,  as  well  as  several  islets  off  Presq,a' 
isle,  belong  to  the  same  formation. 

*'  The  granite,  for  the  most  part,  forms  numerous  parallel  ridges,  bearing  east 
and  west. 

**  Several  systems  of  joints  cut  the  rock  into  tabular  plates,  which  will  materi- 
ally aid  the  quarry-man  in  his  labours." 

Felspar  and  quartz  are  always  the  principal^and  sometimes  they  are  the  only 
— components ;  but,  in  general,  either  mica,  hornblende,  or  chlorite  is  also 
present. 

**  The  granite  of  Middle  island  is  intersected  by  powerful  dykes  of  greenstone, 
some  of  which  are  ninety  feet  in  width,  and  we  counted  no  less  than  six  within 
the  distance  of  forty  rods.  They  cut  the  greenstone  in  remarkably  straight 
lines,  leaving  clean,  smooth  edges.  *  *  *  In  the  smaller  dykes,  the  greenstone 
is  very  compact  and  fine  grained ;  but  in  the  larger,  whilst  it  exhibits  this  texture 
near  the  edges,  towards  the  centre  it  becomes  highly  crystalline.  •  *  *   There 
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third  comprises  the  sources  of  the  Ontonagon  and  the 
Montreal. 

The  granite  is  generally  succeeded  by  gneiss^*  but 


are  two  lyitema  of  dykes ;  one  let  bean  nearly  cast  and  west»  while  the  other 
bears  north-east  and  south-west ;  thesOi  in  their  turn  are  intersected  bj  Teins  of 
quarts. 

In  seotion  I.,  along  the  east  bonndary  of  township  49,  range  27,  **  m  ridge  of 
granite  «  «  «  bearing  N.  20®  E.  •  •  *  is  traversed  by  powerft&l  dykes  of  green- 
stone in  a  direction  parallel  to  its  prolongation*  There  are  also  seen  nnmeroas 
granite  Teins,  seldom  exceeding  eight  inches  in  width,  ramifying  through  the 
granite,  and  occasionally  through  the  greenstone.  Mica  is  more  abundantly  dis- 
seminated through  these  reins  than  in  the  adjoining  walls.  •  «  • 

**  At  the  junction  of  the  granite  with  the  asoic  slates  on  the  sonthem  side, 
the  relation  of  the  former  to  the  latter  is  dearly  seen.  The  alaty  rooks  are 
traversed  by  *  *  *  Teins  of  granite,  which  gradually  increase  in  number  and 
dimensions  as  we  approach  the  granitic  nucleus.  On  an  almost  Teitical  wall  of 
rock,  about  forty  feet  in  height,  near  the  south-east  comer  of  seotion  26  (town- 
ship 47,  range  27,)  the  granite  is  seen  penetrating  the  hornblende-slate  like  sn 
Immense  wedge,  and  shooting  out  in  ramifying  branches.  •  *  • 

'*  The  granite  which  forms  the  axis  between  the  river  systems  of  the  two  lakes 
[Superior  and  Michigan]  e  *  •  has  disturbed  the  upper  beds  of  slates,  while  the 
lower  beds  of  the  Potsdam  sandstone  rest  undisturbed  around  it.  *  *  * 

'*  Of  the  whole  district  the  granitic  region  possesses  the  least  economical  value. 
There  appear  to  be  no  metallic  veins  worthy  of  exploration,  and  from  the  broken 

and  rugged  oharacter  of  the  surface,  it  is  ill  adapted  to  agrioultural  purposes." 

•  e  • 

FoBTXB  ft  Writnst,  RepoH  on  the  G$ology  of  the  Lake  Snqterior  Land 
Ditirieis  Part  ii.  (1851)  pp.  38—48  (Abridged). 

QeohgicalMapof  the  Lake  Superior  Land  IHstriet,in  the  State  ofMiMgani 
prepared  puretumi  to  an  Act  qf  Congre—i  by  J.  W.  Foster  and  J.  D.  Whitney, 
United  States  Geologists. 

*  Between  township  49  range  82  and  Keweenaw  bay  the  rocks  succeed  in  the 
fbllowing  order  :— 

'<1.  Granite,  e  e   e 

'*  2.  Gneiss,  with  a  large  amount  of  mica. 

'*  8.  Compact  hornblende,  with  silex  in  places  predominating. 

**  4.  Chloritic,  argillaceous,  and  silicious  slates.  •  •  • 
"  On  the  southern  flank  the  following  was  the  order  of  succession  observed. 

•<  1,  Granite.  •  e  • 

'*  2.  Quarts  and  feldspar  passing  into  granular  quarts. 

"  3.  Compact  hornblende,  traversed  by  numerous  Joints. 

**  4 .  Magnetic  and  specular  oxide  of  iron,  with  thin  lamine  of  white, 
granular  quarts,  e  e   • 
**  On  approaching  seotion  31,  township  46,  range  20  •  e  •  closely  grained 


-y-»- 
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sometimes  by  homblendic-rocks ;  which  occasionally 
alternate  with,  but  are  more  frequently  followed  by, 
quartzose,  micaceous,  talcose,  or  chloritic  slates ;  and 
these  pass  gradually  into  clay-slate,  which  assumes 
here  and  there  an  arenaceous  character.*  In  many  of 
the  upper  strata  lime  f  is  an  abundant  ingredient. 


and  firmly  cemented  hornblende  roclu  appear  •  •  •  in  dark  green  masses. 
•»  *  •  On  the  a^'oining  section  south  the  granite  appears  in  low,  rounded 
outcrops  •  •  •  flanked  on  the  south  by  hornblende,  presenting  the  same 
lithological  character  as  that  on  the  north.   •  •   • 

"  Near  the  south  boundary  of  township  42,  range  31,  the  granite  pierces 
through  the  incumbent  strata,  •  •  •  •  On  either  side  corresponding  alter- 
nations of  hornblende  and  mica  slate  are  obserTed,  •  •  •  which  are  found  to 
graduate  into  chlorite  and  argillaceous  slates.  •  •  •  At  portage  No.  2  the 
chlorite  slate  contains  numerous  Tesicles  filled  with  calo  spar.  •  •  •  Asso- 
ciated with  them  are  seams  of  quarts  ranging  and  dipping  with  the  enclosing 
rocks.  They  often  contain  scapolite,  and  the  sulphuret  of  iron  and  copper. 
The  metallic  contents,  howcTcr,  of  these  seams  were  regarded  as  worthless. 
%  %  % 

**  The  granite  rises  in  low  ridges  from  amidst  the  talcose,  hornblende,  and 
chlorite  slates,  in  townships  41,  42,  43,  and  44,  through  the  whole  district  west- 
ward to  45.  «  «  « 

«  Granite  ia  the  predominating  rock  below  the  southern  boundary  of  township 
47,  and  is  associated  with  a  hornblende-rock,  which  sometimes  assumes  a  slaty 
structure." 

FosTBS  &  Whitnbt,  Beport  on  the  Gtology  of  the  Lake  Stymior  Land 
Duiriet,  Fart  ii.  (1851)  pp.  20—57  (Abridged). 


*  *'  In  higher  parts  of  the  series,  the  argillaceous  slates  become  interstratified 
with  argillaceous  sandstones."— /diJ,  p.  12. 

t  '*  Calcareous  bands  occasionally  occur  of  sufficient  purity  to  be  called  lime- 
stone. %  %  % 

" In  the  north-east  quarter  of  section  2,  township  47,  range  25,  aband  of 
slaty  limestone,  somewhat  silidous,  is  seen  beneath  the  quarts.  %  %  %  Id> 
the  northern  part  of  section  8,  the  quarts  is  interstratified  with  another  band 
of  limestone.  ^  %  % 

"  In  section  31,  township  48,  range  25,  another  band  of  compact  limestone 

was  traced  westward,  through  sections  33  and  36.   *  «  «    It  is  less  silicioua 

than  that  before  described,  Tariously  coloured,  white,  ash-grey,  and  fiesh-red,. 

and  Tariously  Teined  with  tints  of  a  deeper  hue.    It  calcines  readily  into  lime, 

and  affords  beautiful  ornamental  materials." 

/5uf,pp.  12, 15,16. 
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Dykes  and  beds  of  hornblendic  and  felspathic  rocks 
occur  throughout  the  system ;  •  but  they  are  numerous 
in  the  neighbourhood  of  certain  rich  deposits^  of  iron- 


•  Ante,  pp.  385—6,  Notes  •« 

f  '*  The  very  interesting  deposits  of  iron  ores  on  and  near  Lake  Superior, 
•  4k  •  are  in  the  asoic,  and  they  form  literally  mountain  masses  %  %  ^ 
The  distance  of  these  deposits  from  the  Lake,  at  the  nearest  point  is  about 
twelve  miles  •  «  *  .  From  this  point,  the  ores  of  iron  are  found  at  interraU 
in  a  belt  of  slates  from  six  to  twenty-five  miles  wide,  extending  for  a  distance 
of  one  hundred  and  fifty  miles  or  more  westward  into  the  State  of  Wisconsin.*' 

Whxtmbt,  Metallic  Wealth  of  the  United  Suites,  p.  477. 

<*  The  principal  deposits  of  specular  and  magnetic  ore  [in  township  47,  range 
26,]  are  arranged  in  a  metalliferous  belt,  bearing  nearly  east  and  west.  #  ♦  • 
A  small  stream  which  is  one  of  the  sources  of  the  EscanlLba  river  is  at  one  point 
precipitated  over  a  ledge  of  ore,  4k  #  4k  which  consists  of  a  peroxide  of  iron, 
mixed  with  considerable  sillcious  matter,  and  seems  to  exhibit  indistinct  lines 
of  bedding  which  dip  at  a  high  angle,  and  are  intersected,  at  nearly  right  angles, 
by  joints  which  cut  the  mass  into  large  tabular  blocks.  4k  ♦  4k 

**  Along  the  line  between  sections  32  and  33,  near  the  junction  of  the  azoic 
slates  with  the  granite,  the  relations  of  the  iron  to  the  slaty  and  quartsose 
rocks  are  well  displayed.  4k  4k  4k  On  the  north  side  of  a  ravine,  which  extends 
for  a  considerable  distance  east  and  west,  4k  4k  4k  quartsose  bands,  composed 
of  fine  grains  of  silicious  matter,  impregnated  with  peroxide  of  iron,  with 
occasional  wide  bands  of  pure  ore,  alternate  with  a  hornblende  rock,  having  a 
schistose  structure,  and  equally  charged  with  ferruginous  matter.  #  •  4k  On 
the  south  side  of  the  ravine  4k  4k  4k  a  succession  of  trapean  and  granitic  belts, 
crossed  by  numerous  veins  of  igneous  rock,  is  presented.  Here,  however,  the 
rock  is  no  longer  charged  with  iron. 

*'  In  township  47,  range  27,  4k  4k  4k  the  ferruginous  band,  wrought  by  the 
Jackson  Company,  form  a  ridge  about  a  thousand  feet  in  width,  and  from  a  few 
feet  to  fifty  in  height,  above  the  level  of  the  surrounding  country,  and  can  be 
traced  almost  continuously  across  the  section  in  an  easterly  and  westerly  direc- 
tion.   On 'the  northern  side  of  the  belt,  the  ore  is  compact,  and  of  great  purity; 
near  the  centre  it  exhibits  a  banded  structure,  while  to  the  south,  it  passes  again 
into  the  compact  variety.  4k  4k  4k    This  deposit  is  bounded  on  the  south  by 
highly  crystalline  hornblende  and  felspar  rock,  and  on  the  north  by  slaty  chlo- 
ritic,  beds.  •  4k  4k    Numerous  veins  of  quarts  cut  the  great  mass  of  ore,  and 
contain  specular  oxide  in  large  brilliant  plates.  4k  ♦  4k 

"  In  sections  10  and  11  west  the  deposits  4k  4k  4k  are,  in  fact,  unrivalled  in 
the  abundance  and  almost  absolute  purity  of  the  ore.  The  purest  ore  occurs  in 
a  ridge  which  extends  across  the  line  between  these  two  sections.  It  rises  with 
precipitous  walls  to  the  height  of  at  least  fifty  feet.  4k  4k  4k  The  purest  portions 
are  a  very  compact  and  fine  grained  specular  ore,  having  an  imperfect  slaty 
structure,  and  traversed  by  joints,  like  the  slates  in  the  neighbourhood.    Through 
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ore ;  of  which  many  portions — now  largely  wrought,* 

this  fine-grained  base  are  scattered  numerous  minute  crystals  of  the  magnetic 
oxide.  In  other  places,  the  ore  is  almost  entirely  made  up  of  an  aggregate  of 
crystals  of  the  magnetic  oxide,  sometimes  very  minute,  and  rarely  larger  than 
a  pin*s  head.  «  •  «  Metallic  matter  has  penetrated  the  adjoining  slaty  rocks, 
and  filled  them  with  crystals  of  magnetic  oxide  and  occasional  streaks  and  bands 
of  fine-grained  peroxide  of  iron.  *  *  4k 

**  Farther  south  another  deposit  on  a  scale  of  still  greater  magnitude,  though 
not  equal  in  purity  to  the  ore  last  described,  is  known  as  the  Cleveland  location. 
It  rises  «  *  «  in  a  ridge  one  hundred  and  eighty  feet  above  the  stream  at  its 
base,  one  hundred  and  fifty-two  feet  above  the  drift  terrace  •  4k  «  near  its 
northern  slope ;  and  forms  the  culminating  point  between  the  two  lakes.  4k  4k  4k 
It  is  made  up  of  alternate  bands  of  pure  fine-grained  peroxide  of  iron  and  of 
jaspery  ore.  The  thickness  of  the  bands  varies  from  that  of  a  sheet  of  paper 
to  one-fourth  of  an  inch.  They  are  not  arranged  in  a  constant  position,  with 
regard  to  the  general  disposition  of  the  mass ;  but  are  twisted  and  contorted  in 
every  variety  of  form  and  outline ;  the  curvatures  are,  however,  mostly  on  a 
Tery  small  scale,  the  radius  of  curvature  in  the  concentrically  folded  layers  never 
being  as  great  as  one  foot  in  length.  4k  4k  4k  The  width  of  this  deposit  of  ore 
cannot  be  less,  at  its  base,  than  one  thousand  feet,  and  it  may  be  traced  for 
oonslderably  over  a  mile  in  length.  4k  4k  4k 

"  The  largest  mass  [of  ore]  observed  by  us  in  township  46,  ranges  29  and  30, 
occurs  on  the  left  bank. of  the  Machi-gamig.  It  here  rises  in  a  nearly  vertical 
cli£f  to  the  height  of  one  hundred  and  thirteen  feet,  and  is  somewhat  variable  in 
purity.  For  the  most  part,  it  has  a  slaty  cleavage,  and  on  close  inspection,  is 
observed  to  be  composed  of  alternating  bands  of  micaceous  specular  iron  and 
quarts,  tinged  red  by  the  peroxide  of  iron ;  but  there  are  occasional  belts  of 
granular  texture,  and  apparently  of  greater  purity.  These  laminas  are  nearly 
Tertical,  exhibiting  few  contortions,  and  range  with  so  much  uniformity,  that 
the  observer  would  be  inclined  to  refer  both  the  slates  and  the  iron  to  a  common 
origin."  4k  4k  « 

FofiTEB  ft  WmTNST,  R^Mtrt  on  the  Oeohgy  of  th€  Lake  Siq)erior  Land 
District,  Fart  ii.  pp.  50—7  (Abridged). 

•  "  The  iron  ore  of  Lake  Superior  4k  ««  can  be  quarried— for  It  is  not 
mining — and  placed  upon  the  railway  carriages,  ready  for  transportation,  for  less 
than  one  dollar  (four  shillings  and  two  pence)  per  ton.  The  average  value  of  the 
ore  is  from  60  to  70  per  cent.  It  is  safe  to  say  that  this  portion  of  Michigan  can 
produce  all  the  iron-ore  that  is  necessary  to  supply  the  world  with  iron  for  ages, 
without  sensibly  diminishing  the  quantity,  or  enhancing  the  value  thereof." 

The  first  shipment  of  ore  made  in  1855,  was   1,457  tons, 

in  1856  there  were  shipped.  11,507  „ 

1867  „              ..  26,184  „ 

1858  „  ..  80,327  „ 

1859  „  ..  80,000  „ 

1860  „  ..  150,263  „ 
1861—3  „             ..  299,683  „ 

1864  „  ..  235,123     „ 

ToUl  in  ten  years 834,534  tons. 
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— resemble,  as  well  in  structure  as  in  composition,  the 
Itabirite  *  and  Jacotinga  f  of  Brazil.  Of  other  ores 
and  metals,  however,  the  traces  are  few.  j: 


*< The  pig-iron  prodooed  in  1868  wm  ••... •     2,000  tons. 

1859  , 6»000     M 

1860  n   6,600 


»t 


Total  in  three  years 14,600  tons. 

In  1860  "  the  average  valoe  of  the  ore  on  the  docks  ready  for  shipment, 
was  about  three  dollars  [tweWe  shillings  and  sixpence]  per  gross  ton,  and  of 
pig  iron  from  twenty  jlo  twenty-five  dollars  [four  pounds  three  shillings  and  four 
pence  to  five  pounds  four  shillings  and  two  pence]  per  ton." 

The  manufacture  of  pig-iron  "  commenced  st  the  Pioneer  Works,  near  the 
Jackson  Mine,  in  1868,  «  «  «  but  the  ColUnsville,  ForestTille,  Moigan, 
Northern ,  and  Greenwood  furnaces  have  been  since  erected.     *  #  # 

'*  The  blasts  are  driven,  in  some  cases  by  water—which  is  abundant  and  can 
be  used  during  the  severest  winters,  but  in  some  cases  by  steam,  the  gms  from  the 
furnace  been  taken  as  fueL  The  usual  pressure  is  2  lbs.  per  eqamre  inch,  and 
the  temperature  620°  F. 

"  Charcoal  [the  only  combustible  used  in  the  furnace)  is  made  almost  entirely 
in  kilns  26  to  80  feet  in  diameter,  and  26  to  80  feet  high,  shaped  like  a  straw 
bee-hive,  and  capable  of  burning  80  or  40  oordt  in  17  days ;  20  to  26  of  these 
kilns  are  required  for  each  furnace,  and  they  are  scattered  through  the  forest  in 
the  neighbourhood  of  the  heavy  timber.  Maple  and  birch,  with  some  hemlock, 
are  the  woods  charred ;  2|  cofdM  are  found  to  produce  100  bushels.  Charcoal 
is  now  being  delivered  at  1 1  cents  [five  pence  half^nny]  per  bushel,  by  contract 
It  requires  126  bushels  of  charcoal  to  reduce  one  ton  of  iron,  and  the  fdroaoes 
produce  from  10  to  18  tons  in  24  hoars.  The  flox  used  is  a  limestone  found 
near  the  railroad,  and  which  does  not  cost  over  86  cents  [one  »hnHng  and  five 
penoe*half^enny]  per  ton  of  iron.  %  %  %  The  cost  of  making  iron  is  now 
(1866)  about  thirty  dollars  [six  pounds  and  five  shillings]  per  ton.  %  m  % 

**  Land,  from  which  may  be  cut  an  average  of  60  eordi  (6,400  cubic  feet)  of 
wood  per  acre,  may  be  bought  at  from  two  dollars  and  a  half  to  four  dollars 
[ten  shillings  and  fiye  pence  to  sixteen  shillings  and  eight  pence]  per  acre  ia 
hundreds  of  plaoes  along  the  shores  of  the  lakes.  Two  competing  lines  of  rail* 
way  already  lead  from  the  mines  to  the  lakes," 

Lbouultvu  ov  Michigan,  1861 ;  E^^  of  tke  JaUU  Cofmrnttee  of  tMe 
Senate  and  Houae  qf  BejfreeetUativee  ;  No.  xix.  p.  6.  LAMBOmr,  Minioff 
Journal  (6th  Aug.,  1866)  xzxt.  p.  600  (Abridged). 

•  Ante,  pp.  211, 214,  210, 221, 224,  226, 227, 237, 242, 244, 248^9, 261,  298. 

t  Ibid,  pp.  212,  214,  210,  228-4,  227,  220,  230—6,  242,  246,  261--81 ; 
Fig.  20. 

X  "  The  results  of  our  enquiries  have  led  us  to  believe,  that,  aside  from  iron, 
the  metallic  producU  of  the  asoio  series  will  prove  of  little  value.    We  have 


Native  Copper  of  Lake  Superior.  391 

Veins  of  granite  penetrate  the  lower  hornblendic 
rocks,  but  do  not  extend  to  the  calcareo-siliceous  slates. 

The  nearly  horizontal  beds  of  sandstone,* — which 
occur  in  the  plains  and  on  the  smaller  hills,  but  never 


not  seen  a  regular  well-defined  vein  of  any  extent,  with  well-defined  wall-rooks 
ftnd  gangues  differing  from  the  enclosing  mass.  There  are  fissures  and  irregular 
Tents  which  contain  metallic  products,  such  as  copper  and  iron  pyrites,  magnetic 
oxide  of  iron  [galena,  black  oxide  of  manganese],  &c. ;  but  they  differ  from 
productive  lodes  in  their  want  of  continuity  and  parallelism.*' 

FosTBB  &  Whitney,  Report  on  the  Geology  of  the  Lake  Superior 
Land  Dietrtet,  Part  ii.  p.  82. 

*  The  **  sandstone  appears  along  nearly  the  entire  southern  shore  of  the  Lake, 
from  Sant  Ste.  Marie  to  Fond  du  Lac,  its  continuity  being  interrupted  In  only 
a  few  points,  where  the  trappean  or  granitic  ranges  have  been  for  a  short  distance 
denuded  of  the  sedimentary  beds  which  were  originally  deposited  upon  them. 
The  general  trend  of  the  southern  shore  is  east  and  west,  but  at  a  nearly  equal 
distance  from  each  end  of  the  Lake,  the  regularity  of  its  outline  is  broken  by  a 
projecting  point  of  land,  which  extends  for  sixty  or  seventy  miles  in  a  north-east 
direction,  gradually  curving  round  to  the  east.  This  is  Point  Keweenaw,  the 
locality  where,  by  the  present  generation,  the  copper-bearing  veins  were  first 
opened  and  worked." — Whitney,  Metallic  Wealth  of  the  United  Statee,  p.  26U 

Qeologieal  Map  of  the  Lake  Superior  Land  District ;  by  J.  W.  Foster  &  J.  D. 
Whitney.    Bivot,  Annates  des  Mines,  6me  S4rie,  vii.  p.  229. 

*'  The  sandstones  repose  nearly  horisontally  on  the  basset  edges  of  the  slates, 
or  occupy  the  depressions  in  the  granite."  4t  ♦  ♦  But  '*  while  the  granite 
ranges  attain  in  places  an  elevation  of  1,200  feet  above  the  lake,  the  sandstones, 
except  in  the  vicinity  of  the  trap,  do  not  reach  higher  than  360  feet,  #  •  •  . 
Consequently,  the  granites  and  slates  rise  up  like  islands  through  this  great  waste 
of  sandstone." — Fobtbh  ft  Whitney,  Report  on  the  Geology  of  the  Lake  Superior 
Land  District^  ii.  pp.  110, 114, 122. 

"  Wherever  the  sandstone  comes  in  contact  with  the  granite,  or  prior-formed 
schists,  it  is  observed  to  have  a  slight  inclination  away  from  the  older  rocks, 
rarely  exceeding  8^  or  10^"— iiwf,  p.  186. 

<*  At  a  distance  from  all  igneous  action  where  the  sandstone  has  been  regularly 
deposited  and  not  subjected  to  any  disturbing  influences,  it  appears  to  be  made 
up  almost  entirely  of  angular  fragments  of  nearly  pure  quarts,  which  are  hardly 
held  together  by  any  visible  cement.  The  grains  are  generally  of  the  sise  of  a 
pin's  head,  and  often  present  crystalline  facets.  %  %  %  In  general,  however, 
it  is  somewhat  coloured  by  a  trace  of  iron.  In  the  vicinity  of  the  trappean 
focks,  it  becomes  highly  charged  with  iron  and  calcareous  matter." 

i&uf,  pp.  190—1. 

Near  Portage  lake  '*  some  of  the  strata  consist  of  silex,  with  thin  plates  of  mica 
interspersed,  whilst  others  contain  portions  of  alomine,  coloured  red  by  oxide  of 

HH  H 
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reach  the  higher  ranges, — unconformably  overlie  the 
lower,  and  abut  on  the  upper,  slates ;  though  here  and 
there  they  touch  the  granite. 

Quartz — sometimes  the  only, — is  always  a  principal 
component ;  felspar  is  generally  abundant ;  and,  near 
the  granite,  mica  is  also  a  common  ingredient.  Thin 
layers  of  conglomerate,  containing  nodules  of  quartz 
and  small  angular  masses  of  granite,  occur  at  intervals; 
and  calcareous  matter  is  largely  diffused  through  upper 
members  of  the  series.  Many  portions  are  whitfeh  or 
greyish ;  but  yellow  and  brown  are  the  prevailing  hues. 

The  position  *  and  organic  contents  of  this  deposit 

iron,  ift  ift  %  M  Iron  river,  and  at  several  other  points,  the  sandstone  is  v^ry 
fissile  and  of  dark  colour,  resembling  a  slaty  rock.  «r  4r  *  On  Torch  rirer  the 
sandstone  #  4r  #  consists  of  yellow  or  red  grains,  without  any  Tisible  cement, 
enclosing  quartzose  pebbles  and  patches  of  dove-coloured  clay." 

FosTEB  &  Whitney,  Report  an  the  Geoiogy  of  the  Lake  S^^erior  Land 
District^  i.  pp.  110—16, 
*'  In  general  this  sandstone  is  composed  of  fine  grains  of  quarts  and  feUpsr, 
together  with  rounded  particles  of  primitive  and  trap  rocks ;  and  it  is  important 
to  remark  that  no  fragment  of  the  Silurian  fossiliferous  limestones,  known  to 
occur  to  the  northward,  was  ever  noticed  in  its  conglomerates.  Grains  of  mica 
are  sometimes  abundant,  especially  near  its  contact  with  the  granite." 

Batfxbld,  Quarterly  Journal  of  tJie  Geological  Society,  i.  p.  4^^* 

Rivot,  Annaiee  dee  Mines,  6me  S6rie,  tii.  p.  229. 

•  "  There  seems  no  reason  to  think  that  this  formation  can  be  more  recent 
than  the  old  red  sandstone ;  and  when  it  is  considered  that  it  appears  in  tlte 
St.  Mary's  at  low  levels,  forming  nearly  horixontal  strata  at  the  bottom  of  Lake 
George,  whilst  the  horizontal  fossiliferous  limestone  of  Sugar  Island  and  St. 
Joseph's  rises  into  higher  ridges,  so  as  to  make  it  highly  probable  that  the  sand- 
stone occupies  the  inferior  position ;  and  that,  moreover,  a  sandstone  is  known 
very  generally  to  underlie  transition  limestone  in  Canada  and  the  United  States : 
when  all  this  is  taken  into  account  it  is,  perhaps,  not  unlikely  that  the  sandstone 
in  question  may  belong  to  the  Silurian  rather  than  the  Devonian  period." 

Batfibld,  Quarterly  Jowmcdofthe  Geological  Society  of  London,  i.  p.  ^^• 

*'  The  almost  uninterrupted  continuity  with  which  this  rock  can  be  traced 
even  from  its  eastern  extension  through  Canada  and  along  the  northern  shore  of 
Lake  Huron  to  the  St.  Mary's  river,  and  thence  westerly,  leaves  no  doubt  as  to 
its  true  position  and  identity  in  age  with  the  Potsdam  sandstone  of  New  York. 
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show  that  it  belongs  to  the  Potsdam  sandstone,  the 
lowest  fossiliferous  *  group  of  North  America. 


If  we  were  at  a  loss  in  thus  tracing  it  continuously,  we  have  still  the  evidence 
of  the  succeeding  fossiliferous  strata,  which  show,  conclusiTely,  the  same  re- 
lations to  this  sandstone  as  thej  do  to  its  equivalent  in  New  York." 

FosTSR  &  Whitnst,  Report  on  the  Geology  of  the  Lake  Superior 
Land  District,  ix.  p.  133. 

'*  The  evidence  afforded  by  the  facts  collected  by  my  friend  and  associate 
Mr.  Murray  (published  in  our  Report  of  Progress  for  1847—8),  on  the  Grand 
Manitoulin,  La  Cloche,  and  other  islands  [in  Lake  Huron]  4k  *  •  is  clear, 
satisfactory,  and  indisputably  conclusive.  On  these  islands,  the  Potsdam  sand- 
stone, the  Trenton  limestone,  the  Utica  slates,  and  the  Loraine  shales,  successive 
formations  in  the  lowest  fossiliferous  group  of  North  America,  were  each,  in  one 
place  or  other,  found  4r  4r  4r  resting  in  unconformable  repose,  in  a  nearly  hori- 
zontal position  upon  the  tilted  beds  and  undulating  surface  of  the  quartz  rock 
and  its  accompanying  strata*  4r  4r  4k  The  conclusive  evidence  thus  given  of 
the  Huron  [formations]  would  appear  to  settle  that  of  the  Lake  Superior  rocks 
in  the  position  given  to  them  by  Dr.  Houghton,  the  late  State  Geologist  of 
Michigan,  as  beneath  the  lowest  known  American  fossiliferous  deposits ;  and  in 
this  sequence  those  of  the  Huron,  if  not  those  of  Superior,  would  appear  to  be 
contemporaneous  with  the  Cambrian  series  of  the  British  Isles." 

Loo  AN,  Report  of  the  British  Association  for  1851,  Partii.  pp.  60 — 1. 

Bigsby,  Geol,  Trans,  i.  n.8.  p.  193. 

*  '*  The  Triiobite  occurs  on  the  Menomonee,  while  we  have  the  Linguia  every- 
where."— ^Foster  &  Wuitnbt,  Report  of  tf^e  Geology  of  the  Lake  Superior  Land 
District,  ii.  p.  131. 

"  In  1846  Mr.  Forrest  Shepherd  brought  from  Tequamenon  Bay,  two  speci- 
mens of  sandstone  containing  Linguls.  The  rock  was  composed  of  rounded 
grains  of  quartz,  cemented  by  calcareous  matter.  4r  4r  4r  In  a  small  fragment 
were  parts  of  five  separated  valves  of  Linguia,  two  of  them  nearly  entire.  The 
form  of  the  entire  shell  is  round-obovate,  and  more  elongated  in  proportion  to 
its  breadth  than  the  ordinary  specimens  of  L,  prima  from  the  same  sandstone  in 
New  York.  Nevertheless  I  am  not  prepared  to  describe  it  as  a  distinct  species. 
*  «  • 

'*  Specimens  from  the  Escan&ba  river,  in  the  lower  part  of  the  calciferous 
sandstone,  resemble,  in  all  their  important  characters,  those  from  Tequamenon 
Bay.  From  the  comparison  of  specimens,  I  am  inclined  to  unite  all  these  in  one 
species.  %  %  %  The  calcareous  beds  on  the  St.  Croix  river  are  crowded  with 
the  valves  of  this  species,  and  another  so  closely  resembling  the  L.  aniiguOf  that 
I  have  not  found  characters  to  warrant  the  separation. 

"  From  the  number  of  individuals  occurring  in  the  small  fragment,  from 
Tequamenon  Bay,  it  is  evident  that,  at  that  point  the  rock  was  highly  charged 
with  these  forms  of  organic  life,  %  %  * 

"  In  connection  with  the  Lingulee  on  the  Escan^ba  river,  I  collected  a  number 
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Keweenaw  Point — an  irregular  obtuse-angled  tri- 
angle, of  which  the  sides  measure  respectively  about 
ninety,  sixty-five,  and  fifty  miles,*— consists,  for  the 
most  part,  of  sandstone,  intersected  by  ranges  of  trap, 
which  are  often,  but  not  always,  associated  with  con- 
glomerates.f  The  first  band  extends  from  the  north- 
eastern headland  to  Sand  bay,  a  distance  of  eighteen 
miles,  but  it  rarely  exceeds  five  furlongs  in  breadtb.| 


of  obscurely  pointed  triangular  bodies,  like  those  described  in  the  Palaeontology 
of  New  York  as  7%eagf  «  •  « 

"  In  the  Lake  Superior  district,  the  only  fossils  seen  in  the  Potsdam  sandstone, 
in  addition  to  these  just  described,  are  fragments  of  one  or  more  speoes  of 
Trilobites,  which  were  found  on  the  Menomonee  river.  These  haTe  the  charac- 
ters of  the  Ogygia  or  BronUt;  but  those  in  possession  of  the  surrey,  are  too 
imperfect  to  admit  of  satisfactory  determination.  A  farther  examination  of  the 
prolongation  of  this  sandstone  across  the  interval  between  Lake  Mic^gan  and 
the  Mississippi  and  St.  Croix  rivers,  has  resulted  in  satisfying  us  that  the  sand- 
stones of  the  two  termini  are  identical  in  age,  and  the  Trilobites  specifically  the 
same." — Hall  (Fo8TS&  &  Whitney's),  Report  on  the  Geology  of  the  Lake 
Stgmior  Land  DUtriet^  pp.  203 — 5. 

Bigsby,  Quarierly  Journal  of  the  Geologicdl  Society  of  London,  ziv.  pp.  338-9, 
434—5;  XV.  pp.  279-^80. 

*  "  On  nomme  points  de  Keweenaw  la  langue  de  terre  qui  s'avance  Ters  le 
milieu  de  la  cdte  m^ridionale  du  lac,  en  formant  une  courbe  dont  la  convexity 
est  toum^e  vers  le  nord." — Biyot,  Annales  dee  Mines,  5me  S^rie,  vii.  p.  206. 

t  *f  At  the  head  of  Keweenaw  Point  the  trappean  rocks  are  associated  with 
conglomerates."— -FoBTBB  &  Wbitmbt,  Report  on  the  Geology  of  the  Lake 
Superior  Land  District,  l  p.  59.  Geological  Map  of  the  Lake  Siq>erior  Land 
District. 

X  '*  The  outer  belt  of  trap,  occupying  the  extreme  northern  portion  of  Ke- 
weenaw Point,  is  less  than  a  mile  in  width,  and  preserves  a  great  degree 
of  uniformity  throughout  its  entire  course.  •  •  •  From  the  extremity  of 
Keweenaw  Point,  it  extends  westerly  for  about  eighteen  miles  in  a  curvilinear 
direction,  and  passes  into  the  lake  at  the  eastern  point  of  Sandy  bay.  Through- 
out most  of  this  distance  it  is  protected  from  the  action  of  the  surf  by  a  thick 
belt  of  conglomerate,  but  at  several  points  the  water  has  broken  through  this 
sea-wall  and  excavated  spacious  harbors  in  the  igneous  belt.  Copper,  Agate, 
Grand  Marais,  and  Bagle  Harbors  are  included  in  this  belt,  and  owe  their  origin 
to  a  common  cause." — Fobtbr  &  Whitmby,  Report  on  the  Geology  of  the  Lake 
Superior  Land  District^  i.  p.  60. 
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The  second,  or  principal,  band,  however,  traverses  the 
entire  length  of  the  promontory,  and,  there,  varies  from 
less  than  a  mile  to  more  than  four  miles  in  width ;  but 
in    neighbouring  portions-  of   the   Upper   Peninsula 
[of  Michigan],  as  well  as  Wisconsin,  it  is  still  wider.* 
As  the  central  differ  from  the  outer  portions  of  this 
formation ;  these — which  also  present  some  diversities 
of  composition — are  commonly  particularized  as  the 
northern  and   southern   trap-ranges.f     Near  the  ex- 
tremity of  Keweenaw  Point  both  ranges  are  slightly 
convex  towards  the  north,  but  on  the  whole  they  bear 
nearly  east  and  west;    further  inland,  however,  the 
principal  range  assumes,  gradually,  a  north-easterly 
and  south-westerly  strike ;  J    but  in  the  Peninsula — 
once  more  deflected,  though  in  an  opposite  direction — 
it  trends  15° — 25**  north  of  east  and  south  of  west.^ 


*  **  A  trap  range  starto  from  the  head  of  Keweenaw  point  and  rtins  west  twenty 
miles ;  then  eurting  to  the  south-west,  crosses  Portage  lake  near  its  head,  and 
the  Ontonagon  river  twelve  miles  from  its  mouth,  and  is  thence  prolonged  into 
Wisconsin.  Its  length  is  more  than  one  hundred  and  fifty  miles ;  its  width 
from  one  to  twelve." — Fostbb  &  Whitnbt,  Report  en  the  Geology  of  the  Lake 
Superior  Land  District,  i.  p.  34. 

fibid,  pp.  61— 4. 

J  "  On  tracing  into  the  interior  the  ranges  which  approach  the  Lake  at  the 
extremity  of  Keweenaw  Point,  they  are  found  to  extend  in  a  general  south- 
westerly direction  along  the  whole  line  of  the  Lake,  at  a  few  miles  from  it." 

WuiTNET,  MetaUie  Wealth  of  the  United  StaieSt  p.  262, 

**  La  direction  est  d  peu  pr^s  E,— O.  auprds  de  Copper-Harbor;  elle  toume 
un  peu  vers  le  sud  k  TextremitS  de  la  pointe  de  Keweenaw,  et  vers  Touest  elle 
devient  progressivement  N — E,  h  S,— O.  «  «  ♦  Aupr^s  du  lac  Portage, 
cette  direction  est  N.  65°  £.  k  S.  36°  0.,  et  plus  loin,  vers  I'Ontonagon,  elle  est 
notablement  dlff^grente,  N.  66°  E.  &  S.  66°  W." 

Bitot,  Annales  dee  Mines,  5me  S^rie,  Yii,  pp.  210, 216. 

§  In  1847  the  magnetic  variation  in  the  Upper  Peninsula  of  Michigan  was 
6°  36'  E.— Whittlesey  (Fostbb  St  Whitney's},  Report  on  the  Geology  of  the 
Lake  Superior  Land  District,  ii.  p.  316. 
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Throughout  this  tortuous  course,  however,  it  maintains 
a  general  parallelism,  as  well  to  the  beds  of  sandstone 
on  either  side,  as  to  the  coast. ''^  On  opposite  sides  of 
the  crystalline  rock,t  which  occurs  in  the  principal 
range,  the  beds  of  trap  and  conglomerate,  together 
with  the  sandstones  adjoining  them,  incline  opposite- 
ly;  J  the  northern  and  north-western  portions^  towards 
the  north  and  north-west,§ — the  southern  and  south- 
eastern towards  the  south  and  south-east. || 

The  central  crystalline  mass,  which  consists  of 
greenstone,  is  rarely  interlaid  by  other  rocks;  on 
both  sides,  however,  the  trap-rocks  frequently  alter- 
nate   with    broad   bands ^   and    lenticular   bodies    of 

*  Foster  &  Whitney,  Geological  Map  of  the  Lake  Superior  Land  District. 
Bivot,  Annales  dee  Mines,  5me  S4rie,  vii.  iV.  VIL 

t  '*  La  chatne  «  *  4r  est  compbs€e  de  trapp  crystallin,  porpbyritique  et 
sy^Ditique,  dispose  par  bandes  mal  definies  et  qui  paraissent  paralldles  &  la 
direction  g^nerale  de  tons  les  terrains.'* 

RiYOT,  Annalei  dee  Mines,  6me  S^rie,  tii.  p.  208. 

%  Foster  &  Whitney,  Report  on  the  Geology  of  the  Lake  Superior  Land  District^ 
z.  p.  69,  Fig.  5,   Rivot,  Annales  des  Mines,  5me  S^rie,  TU.  PI,  VIIL  Figs,  2,  4. 

{  Foster  &  Whitney,  Report  on  the  Geology  of  the  Lake  Superior  Land  District, 
I.  p.  63,  Fig,  4. 

'*  Au  nord,  on  rencontre  d*abord  des  bandes  de  trapp  plongeant  Ters  le  nord 
et  Ters  le  nord-ouest,  ensuite  des  couches  et  des  bancs  de  conglom^rat,  de  trapp, 
de  gr^s,  et  enfin  des  gr^s  pareils  k  ccux  du  nord,  et  pr^sentant,  comme  eux,  una 
inclinaison  d^croissante  quand  on  les  obserre  en  des  points  plus  ^loign^s  de 
Taxe  du  soul^yement."— Riyot,  AnntUes  des  Mines,  5me  S6rie,  yii.  p.  208. 

II  "  Au  sud  «  «r  «  le  gr&s  s'appuie  sur  le  trapp  et  plonge  Yers  le  sud  sous  un 
angle  assez  fort,  mais  qui  deyient  de  plus  en  plus  faible^  k  mesure  que  la  distance 
au  trapp  est  plus  ^rande." — Ibid,  p.  207. 

"  Le  Yersant  meridional  plonge  yers  le  sud  et  Yers  le  sud-est,  sous  un  angle 
assez  Yariable,  mais  compris  en  g^n^ral  entre  35°  et  55°;  le  Yersant  septentrional 
pr^sente  Tinclinaison  iuYerse  Yers  le  nord  et  nord-ouest,  sous  un  angle  de  30°  h 
36°.  Plus  Touest  Tinclinaison  est  plus  grande ;  et  dans  la  region  d'Ontonagon 
elle  attcint  56°."— i6*rf,  p.  208. 

K  **  In  the  central  portion  of  the  range  *  it  *  beds  of  conglomerate,  of  very 
inconsiderable  thickness,  occur  between  heavy  masses  of  trappcan  rock.    As  we 
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conglomerate.*     In  the  Keweenaw  district  thick  beds 


recede  4r  4r  «  in  either  direction,  we  find  that  the  belts  of  trap  become  thinner, 
tbe  conglomerate  predominates,  but  gradually  disappears,  and  is  succeeded  by 
Bandstone."— Whitnbt,  Metallic  Wealth  of  the  United  States,  p.  253. 

"  North  of  the  Little  Montreal  river  four  alternations  of  trap  and  conglomerate 
were  obserTed."— Fostbb  &  Whitney,  Report  on  the  Geology  of  the  Lake 
Superior  Land  District,  i.  p.  62. 

'*  Near  Copper  Falls  mine  *  %  %  there  are  not  less  than  five  repetitions 
of  [coarse]  sandstone  and  trap  within  the  distance  of  2000  feet.'* — Tbid,  p.  63. 

'*  Sur  les  plans  de  la  mine  de  Copperfalls  [Pointe  de  Keweenaw]  •  4r  4r  les 
^paisseurs  horisontales  des  bancs  et  des  couches  de  trapp,  de  conglomerat  et  de 
gr^d,  sent  les  suivantes. 

Greenstone  • 

Trapp  compactC|  grenu,  amygdaloide  . 

Conglomerat     ............••• 

Amygdaloide 

Conglomerat  et  gr^s 

Trapp  en  grande  parte  amygdaloide . . 

Conglomerat  et  gres    

Amygdaloide • 

Gres 

Amygdaloide     

Conglomerat  et  grds 

Amygdaloide 

Grande  zone  de  conglomerat  et  gr^s . . 

Amygdaloide    

Bitot,  Annates  des  Mines,  5me  Serie,  vn.  pp.  214 — 15. 
'*  Aupres  du  lac  Portage  «r  «  «  au  sud,  le  trapp  crystallin  et  porphyritique 
passe  presque  immddiatement  sous  les  conglomerats  et  sous  les  gres ;  au  nord, 
li  est  reconvert  par  des  bancs  successifs  de  trapp,  compacte,  grenu,  amygdaloide, 
epidotique,  s^par6s  les  uns  des  autres  par  des  lits  tr^s-minces  ou  par  des  couches 
de  conglomerats  et  de  gr^s." — Ibid,  p.  215. 

*'  In  township  50,  range  39,  the  trap  is  flanked  on  the  north  by  a  belt  of  con- 
glomerate, which  occupies  a  width  of  one-fourth  of  a  mile.  Numerous  alter- 
nating bands  of  igneous  and  aqueous  rocks  are  observed." — Fosteb  &  Whitney, 
Report  on  the  Geology  of  the  Lake  Superior  Land  District,  i.  p.  73. 

*'  Au  sud-ouest  du  lac  Portage  et  jusque  bien  au  deliL  de  la  rividre  Ontonagon, 
la  disposition  gen^rale  des  terrains  est  en  grande  partie  la  mdme  qn'  k  la  Pointe 
de  Keweenaw.** — Hivot,  Anncdes  des  Mines,  5me  S^rie,  tii.  p.  215. 

Logan,  Report  of  the  British  Association  (1851),  Part  ii.  p.  60. 

•  "  Interstratified  with  this  [the  northern  trap] -belt,  throughoot  its  entire 
range,  we  observe  numerous  lenticular  masses  of  conglomerate,  which  appear 
to  affect  the  courses  of  the  veins,  as  well  as  their  productiveness.'* — Fosteb  & 
Whitney,  Report  on  the  Geology  of  the  Lake  Superior  Land  District,  i.  p.  62. 
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of  chlorite  *  sometimes  divide  the  sandstones  and  con- 
glomerates from  the  trap  for  several  miles ;  but  near 
Ontonagon  layers  of  epidotef  prevail. 

The  anticlinal  axis,  of  crystalline  greenstone,  is 
flanked,  on  both  sides,  by  trap-rocks  which — whether 
of  granular,  compact,  or  crystalline  structure, — often 
interlie,  but  sometimes  enclose,  bodies  of  amygdaloid 
and  conglomerate.;): 


*  From  the  cliffs  of  hornblende  and  labradorite  north  of  the  Montreal  rirer 

"  a  band  of  conglomerate  from  twenty  to  fifty  feet  in  thioknees  can  be  traced 

almost  uninterruptedly  for  a  distance  of  twenty-five  miles.    At  the  Cliff  and 

North  American  mines  abed  of  chlorite  rock  occupies  a  corresponding  position." 

FoBTBB  Sl  Whitmbt,  Report  on  the  Otology  of  the  Lake  Superior  Lomd 

District^  z.  p.  62  (Abridged). 

A  belt  of  chloritei  which  expands  to  about  150  feet  in  thickness,  between  the 
trap  and  sandstone  near  Lac  la  Belle  *  4^  #  "  is  found  to  continue  almost 
uninterruptedly  to  Portage  lake ;  always  preserving  the  same  relation  to  the 
rocks  above  and  below  it.   Such  occurrences  are  not  unconunon  in  this  district." 

Ihid,  pp.  65^6  (Abridged). 

*'  A  red  and  green  chlorite  rock,  fissile,  but  not  stratified,  enveloping  masses 
of  amygdaloid,  ii  seen  %  ♦  «  on  an  afBuent  of  the  Torch  river."— IMti,  p.  67. 

t "  In  township  50,  range  50,  west  of  the  Ontonagon  «  ♦  «  a  Yein-like  mass 
of  epidote  can  be  traced  firom  the  bottom  to  the  top  of  a  hill,  and  for  a  consider- 
able distance  along  the  course  of  the  formation  i  %  %  it  It  has  no  perceptible 
walls,  and  on  either  side  it  may  be  seen  graduating  into  the  trap." — Ibid^  p.  74. 

"  On  section  35,  is  a  high  cliff  made  up  of  irregular  alternating  bands  of 
amygdaloidal  trap  and  amygdaloidal  epidote." — IM,  p.  75. 

{ "  The  usual  mineral  components  of  the  trap  are  labradorite  and  augite, 
with  a  smaller  proportion  X)f  various  other  minerals,  amongst  which  magnetic 
oxide  of  iron,  chlorite,  and  epidote  are  the  most  abundant,  with  smaller  quan- 
tities of  the  zeolitic  minerals  and  cale-spar,  as  accidental  ingredients.  The 
feldspathic  and  augitic  portions  are  usually  finely  granular,  and  form  a  compact 
homogeneous  paste,  in  which  the  others  are  embedded;  and  the  recognised 
differences  in  the  characters  of  the  different  trappean  beds  do  not  seem  to  depend 
so  much  on  chemical  composition  as  on  mechanical  structure ;  as  they  seem  in 
most  cases  to  contain  the  same  or  very  similar  mineralogical  components,  in  very 
different  conditions  of  mechanical  aggregation." 

Whitnbt,  Meuaiic  Wealth  of  the  United  States,  p.  258. 

"  Le  trapp  forme  des  bancs  trds-diff^rents  les  unes  des  autres  par  leur  aspect 
et  par  leur  structure.    La  roche  paralt  6tre  un  melange  plus  ou  moins  intime 
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The  central  portions  of  both  ranges  consist,  mostly, 
of  labradorite  and  hornblende;  yet  chlorite  is  also 
plentiful ;  and  epidote — though  of  merely  local  occur- 
rence— is  often  abundant.  The  structure,  ordinarily, 
is  crystalline ;  but  distinct  crystals  of  either  principal 
ingredient  are  frequently  imbedded,  in  masses  of  the 
other,  and  in  mixtures  of  the  rest.* 


d'amphibole  homblenda  et  de  feldipath  labrador  t  ces  min^raux  sont  parfoSs 
en  cristaux  distincto,  parfois  en  grains  imperoeptiblos." 

Bitot,  Anmalea  de»  Iime»,  5me  S^rie,  tii.  p.  226, 
*  Le  greenitone  est  on  trapp  k  textnre  cristalUne,  contenant  beauconp  d'am- 
pbibole  et  de  chlorite ;  la  eotileur  de  la  roche  est  plus  ou  moins  foncee,  sniyant 
la  proportion  assei  Tariable  du  feldspath."— /6u^,  p.  228. 

**  The  summit  of  the  Bohemian  monntain  4^  #  «  consists  of  chlorite  and 
feldspar  of  a  highly  crystalline  texture.  #  #  4^  Beds  [of  trap]  are  found 
dipping  from  it  like  the  strata  of  detrital  rocks." — Fobtbk  &  WHirivaTy  Beport 
on  the  Qeohgy  of  the  Lake  Superior  Land  Dutrict^  z.  p.  139. 

**  South  of  the  Phmnix  mine  the  feldspar  predominates  OTor  the  hornblende, 
giying  the  rock  a  light  color.  %  %  %  The  Albion  range  is  capped  with  this  rock, 
which  appears  in  abrupt  precipices  two  or  three  hundred  feet  in  height.  At  the 
Cl^ff'  mine,  the  upper  portion  of  the  precipice  is  composed  of  dark  crystalline 
greenstone— the  hornblende  largely  predominating,  which  exhibits  a  mottled  or 
Tarioloid  appearance.  At  the  Albion  mine  the  feldspar  again  predominates,  and 
the  rock  becomes  in  some  degree  porphyritic. — Ihid^  pp.  64,  140. 

'*  In  a  dark  crystalline  greenstone  f^om  the  summit  of  the  ridge  at  the  C7{^ 
mine,  three  distinct  minerals  were  recognised ;  one  is  nearly  colorless,  or  slightly 
tinged  with  green,  and  appears  to  be  feldspathic,  another  is  of  a  dark»green  color, 
and  resembles  chlorite,  while  the  third  is  apparently  pyroxene  or  hornblende. 
Occasional  crystals  of  magnetic  iron  occur. 
**  Its  analysis  as  a  whole  gave 

SiHca 50-20 

Alumina   16*43 

Protoxide  of  iron  •  •  •  •  1 3*70 

Lime..** 5*47 

Magnesia 8*62 

Soda 4*75 

Water   1*74 

100.    '»— iJ«,  11.  pp.  87— 8. 
'*  At  the  Adventure  mine  the  rock  is  a  hard,  crystalline,  greenstone,  somewhat 
porphyritic,  traTersed  by  occasional  strings  and  yeins  of  cale-spar  and  epidote." 

Ibid,i.ip.Ul. 

Ill 
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In  composition  the  trap-rocks  diflPer  but  little  from 
the  greenstones;  except  that  chlorite  may  occur  in 
larger,  and  hornblende  in  smaller,  proportions ;  *  cal- 
careous-spar and  oxydulated  iron,  however,  appear  in 


*  "  At  the  Norihtout  mine  in  the  same  belt  of  trap  in  which  are  contained  the 
CHff  and  North  American  mines  «  «  «  the  rock  is  a  dark  gray  compact  trap, 
occasionally  amygdaloidal. — Fostbb  &  Whitmet,  Report  on  the  Geohgy  of  ike 
Lake  Superior  Land  Dittriet,  i.  p.  135. 

"  In  township  56,  range  32  «  «  •  the  trap  consists  of  a  reddisli  and  grecnisfa 
chlorite  rock,  with  imbedded  amygdaloid."— /M<2,  p.  67. 

**  The  only  variety  of  trappean  rock  occurring  in  the  Keweenaw  Point  range, 
in  which  the  ingredients  are  distinctly  visible,  %  %  %  vie  find  to  be  made  up  of 
a  light-red  felspathic  portion,  having  the  character  of  labradorite,  of  a  dark- 
green  foliated  mineral,  which  is  probably  pyroxene,  chlorite  and  magnetic  iron*" 

Ibid,  XI.  p.  90. 

«  At  the  QMiiney  mine  %  %  %  the  rock  consists  of  a  dark-brown  chlorite  trap, 
with  beds  of  amygdaloid.  Between  the  junction  of  these  rocks  native  copper 
is  observed  in  sheets," — Ibid,  i.  p.  65. 

*' Between  Portage  lake  and  the  Fire>Steel  river  %  %  « the  following  varieties 
may  be  recognised ; — 

"  Compa<;<-/rap— varying  in  eolor  and  texture,  and  oocasionaUy  taking  into 
its  composition  a  large  proportion  of  chlorite,  and  a  greenish  magnesian  mineral. 
Some  varieties  are  excee^gly  fine-grained  and  dose  in  their  texture  %  *  ^\ 
others  contain  a  very  large  percentage  of  magnetic  oxide  of  iron.  «  #  ♦  The 
fluctuations  of  the  needle  often  indicate  the  presence  of  the  trappean  rocks  where 
they  are  effectually  concealed  by  detritus  and  soil,  %  %  % 

*'  Porphyrinic  trup^  The  base  of  this  rock  consists  of  fine-grained  trap,  through 
which  are  diffused  long  and  distinct  crystals  of  white  felspar.  %  %  % 

**  EpidcU  trap  occurs  at  many  points  especially  in  the  vicinity  of  the  Ontona- 
gon river,  occupying  a  space  of  several  miles  in  length.  The  compact  trap  often 
passes  gradually  into  it,  the  epidote  replacing  the  hornblende.  Seams  of  quarts 
and  calc-spar  containing  copper  are  accompanied  by  epidote,  which  graduates  on 
either  side  into  compact  trap." — Pnd^  pp.  69,  70  (Abridged). 

<*  At  the  Minnesota  mine  %  %  %  the  rock  is  a  dark  gray,  mottled  trap  of  a 
granular  texture,  with  occasional  almond-shaped  cavities  throughout  it.  It 
breaks  into  rhomboidal  blocks,  and  readily  yields  imder  the  drill.  Its  constita- 
ents  are  hornblende,  feldspar,  and  chlorite."-^/H(l,  p,  134. 

*'  La  chlorite  et  le  fer  oxydul^  entrent  presque  tovjours  en  notable  proportion 
dans  la  composition  du  trapp,  et  dans  les  cavit^s  on  trouve  asses  fir^quemment 
des  cristaux  trds-beaux  de  prehnite,  d'analcime  et  d'^pidote. 

*'  La  chlorite  est  souvent  en  proportion  tellement  forte,  que  le  trapp  paratt  £tre 
up  melange  de  feldspath  et  de  chlorite,  renfermant  tres-peu  d'amphibole." 

Bitot,  Annake  dee  Minee^  5me  S^riCi  rxi,  p.  225. 


Native  Copper  of  Lake  Superior.  401 

notable  quantities ;  *  whilst  epidote, — perhaps,  associ- 
ated with  augite,t— exists,  at  intervals  only,  as  before. 
Some  portions  are  compact,  others  granular ;;{:  but 
certain  peculiarities  of  composition  and  structure, 
characterize  each  of  the,  rather  ill-defined,  beds§  in 
this  part  of  the  system.  The  compact  varieties,  how- 
ever, exhibit  now  and  then  traces  of  crystallization ;  || 
but  the  granular  layers  often  enclose,^  though  some- 
times they  pass  into,"*^*  amygdaloid.    Of  this  important 


•  <*  Le  fer  ozydul^  est  presque  toojours  en  petits  cristaux  duicernables,  quelque- 
fois  cepeudant  on  ne  peat  le  distinguer  h  la  Tue  simple ;  mais  sa  presence  est 
toQJonrs  accos^e  par  Taction  ^nergetique  produite  sur  TaigTulIe  aimantee.  «  •  4r 

"  L'^pidote  Terte  plus  ou  moins  m^langde  de  quartz  et  do  calcaire,  se  pr^scnte 
en  masses  considerables  entre  les  bancs  de  trapp  et  pcnStre  k  une  assez  grande 
distance  dans  la  roche  amygdaloide.   •  •  4k 

'*  Les  cristaux  d^finis  d'^pidote,  de  prehnite,  d'analcime,  etc.»  sont  en  relation 
aTec  les  filons  qui  traversent  le  trapp ;  lis  ont  6te  rencontres  plus  fr^uenunent 
h  la  pointe  de  Keweenaw  que  par  tout  ailleurs."  Ibid,  pp.  225 — 6. 

t "  We  may  consider  it  to  be  demonstrated  that  augite  is  formed  whenever  the 
process  of  cooling,  and  consequently  of  crystallization,  is  rapid  ;  and  hornblende 
when  it  is  conducted  more  slowly/*— Penny  Cyclopadia,  iii.  (Augite),  p.  85. 

{ **  La  structure  des  bancs  de  trapp  pr6sente  dc  nombreuses  variet^s. — Certaines 
bancs  sont  compactes,  tr^s-durs  et  tr^s-charg^s  d'amphibole ;  d'autres  ont  une 
texture  grenue  et  contiennent  beaucoup  de  feldspath,  visible  en  cristaux  blancs 
et  roses  ;  ils  sont  aussi  durs  que  les  premiers  et  ne  sont  pas  consider6s  comme 
exer^ant  une  bonne  influence  sur  la  richesse  des  filons." 

RivoTi  Annates  des  Mines,  5me  Serie,  tii.  p.  226. 

§  "  The  contour  of  the  bedded  trap  is  very  different  from  that  of  the  unbedded 
trap." — FosTBii  &  Whitnby,  Report  on  the  Geology  of  the  Lake  Superior  Land 
District,  i.  p.  64. 

11 "  A  I'est  le  trapp  cristallin  •  4r  4t  est  remplac€  par  le  trapp  compacte.** 

BivoTy  Annales  des  Mines,  5me  S^rie,  vii.  p.  209. 

^  "  Between  Portage  lake  and  the  Montreal  river  «  «  «  the  amygdaloid  is 
found  irregularly  scattered  through  the  trap,  but  by  no  means  so  abundantly  as 
west  of  the  Ontonagon  river." — Fo8TB&  &  Whitnby,  Report  on  the  Geology  of 
the  Lake  Superior  Land  District,  i.  p.  69. 

«s  **  On  the  north  of  the  conglomerate  belt  [which  extends  from  the  eastern  end 
of  Keweenaw  Point  to  the  Cliff  mine]  the  greenstone  gradually  becomes  less 
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Buite  the  different  individuab  closely  resemble  the  trap- 
rocks  respectively  adjoining  them/  in  both  structare 
and  composition ;  except  that  they  are  frequently 
traversed  by  short  and  almost  microscopic  lines  of 
tremolite  or  some  similar  mineral ;  and  that  reniform 
cavities,  generally  less  than  an  inch  in  length,  occur 
at  unequal  intervals  throughout.  Some  of  these  are 
empty ;  but  in  various  places  many  are  lined  or  filled 
with  either  chlorite,  felspar,  quartz,  prehnite,  calcareous 


eryitalUne  and  compact.    At  leogtb,  hj  an  imperceptible  ebaage,  the  rode  is 
found  to  have  become  amygdaloid." 

Whiticbt,  MeiaUio  Wealth  of  the  United  States,  p.  257. 

•  <«  Tbe  base  of  tbe  amygdaloidal  trap  is  generally  a  fine-grained,  homogeneoos 
dark  coloured  mixture  of  hornblende  and  labrador,  with  numerous  amygdules— 
tome  of  which  are  an  inch  in  their  longitudinal  direction— filled  with  difierent 
mineral  substances.  Between  the  Algonquin  location  and  Agogebic  lajke,  epi- 
dota  flrequently  accompanies  the  amygdaloidal  trap :  west  of  the  last-named  place, 
it  resembles  more  nearly  the  trap  of  Keweenaw  Point,  and  is  associated  with 
large  quantities  of  the  seolites.  Where  epidote  fills  the  caTities,  it  presents  a 
radiated,  crystallised  texture.  *  *  •  Generally  the  Tesicles  of  the  epidote  are 
occupied  by  quarts,  often  radiated.  The  quarts  is  frequently  coloured  green  by 
the  presence  of  epidote. 

"  The  seolitic  minerals  often  form  so  large  a  portion  of  the  rock  that  it  dis- 
integrates and  falls  to  pieces  after  a  short  exposure.  At  the  Atlas  location 
4^  •  *  they  are  so  abundant  that  they  are  found  not  only  in  all  the  Tesicles 
of  the  trap,  but  are  distributed  through  it  in  large  Tcin-like  sheets." 

FoBTXR  &  Whitnst,  R^HfTt  on  the  Qeohgy  of  the  Lake  Stgterior  Land 
District,  i.  pp.  69—70. 

**  Lavari^te  de  trapp  la  plus  remarquable  est  celle  qu*on  nomme  I'amygdaloide; 
elle  est  ^minemment  m^tallifdre,  c^est  li-dire  qu'elle  encaisse  les  parties  les  plus 
riches  des  filons  productifs  explores  jusqu'i^  present.  Elle  est  en  g€n6ral  de 
couleur  trds-fonc4e,  agit  fortement  sur  I'aiguille  aimant^e,  et  pr^sente  de  nom- 
breuses  cayit^  arrondies,  communiquant  entre  elles  par  les  fissures  presque 
imperceptibles,  remplies,  •  •  •  par  des  min^raux  diTers. 

"  C'est  une  roehe  buUeuse  et  finement  fissur^e,  disposde  en  bancs  plus  irr^u- 
liers  que  ceux  des  autres  Tari^t68  de  trapp.  «  •  •  Les  min^raux  qui  rempliuent 
les  oarit^s  sent ;  le  quarts,  hyalin,  Tagate,  le  feldspath^le  calcaire  blancspathique^ 
la  chlorite  fibreuse  et  rayonn€e,  I'dpidote,  la  prehnite,  I'analcime  et  mdme  le 
cuivre  natif. 

'*Chaque  banc  d'amygdaloi'de  a  ses  miniraux  particuliers:   k  la  pointe  de 
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8par,  epidote,  zeolite,  analcime,  Laumonite,  or  native 
copper*  often  encrusted  with  virgin  silver. 

The  conglomerates  which  frequently  interlie,  but 
are  sometimes  enclosed  in,  the  trap-rocks,f  consist  of 
rounded,  though  often  roughish,  masses ;  of  ordinary 
or  amygdaloidal  trap,  for  the  most  part ; ;{:  but  blocks 
of  quartz-rock,  enveloping  small  crystals  of  oxydu- 
lated  iron,  occur  at  intervals.  The  greenish,  reddish, 
or  chocolate-coloured  cement  in  which  they  are  im- 
bedded, is,  usually,  trappean;  but  nests  and  thin 
strings  of   calcareous   spar,   and   traces  of  siliceous 

Keweenaw,  au  nord  et  an  sud  da  Greenstone,  lee  noyaux  sont  principalement 
form^  de  obloiite,  de  quarti  et  de  feldspath ;  an  milieu  de  la  aone  m^t^liidre  du 
nord,  nn  banc  d'amygdaloi'de  a  hi6  p&i^tr6  par  lea  matidres  dee  filons  Tolsins, 


f» 


**  Auprie  da  Portage  et  dans  la  oontrte  d'Ontonagon,  la  roche  amygdaloide 
eat  de  m^me  pfo6tr6e  par  T^pidote,  le  caleaire,  le  quarti,  la  chlorite ;  le  cuivre 
natif  ne  se  pr^sente  que  dana  le  Toisinage  imm^diat  des  filons." 

BiTOTi  AnnaleM  des  ifmet,  6me  B6rie,  Tii.  p.  227. 

**'At  the  Northwutem  mine  the  shaft  was  tank  through  a  dark-brown 
amygdaloid,  with  little  adhesion  between  the  particles — the  amygdules  being 
filled  ^  places  with  native  copper,  exhibiting  occasional  points  of  siWer.  South- 
ward [this  formation]  is  circumscribed  by  a  belt  of  hard  crystalline  greenstone." 
FoBTBR  A  WHinnnr,  Report  on  the  Geoloyy  of  the  Lake  Superior  Land 
District,  i.  p.  138. 

t  '*  The  conglomerate  occurs  in  lentiform  masses  yariable  in  number  and 
thickness.  On  Keweenaw  Point, — where  they  are  numerous,  possess  much 
regularity,  and  range  with  the  trap,— their  united  thickness  exceeds  fire  thousand 
feet.  •  •  •  In  the  Ontonagon  district  they  are  less  numerous,  but  near  the 
Montreal  river  they  expand  to  an  enormous  thickness.'*— /Md,  p.  101. 

•«  Limited  belts  are  occasionally  seen,  but  cannot  be  traced  continuously  for 
any  considerable  distance."— /Mci,  p.  103. 

X  **  Nodules  of  trap  enter  largely  into  the  composition  of  the  conglomerates." 
Batfibld,  Quarterly  Journal  of  the  Oeoloffical  Society,  i.  p,  463. 

'*  The  conglomerate  consists  of  rounded  pebbles  of  trap,  almost  iuTariably  of 
the  Tarie^  known  as  amygdaloid,  •  •  •  and  rounded  fragments  of  a  jaspery 
rock  •  •  •  the  whole  cemented  by  a  dark-red  iron  sand.  «  e  •  It  is  not  un- 
usual to  meet  with  strata  composed  entirely  of  arenaceous  particles  associated 
with  the  conglomerate  beds ;  and  where  these  expand  to  a  considerable  thick- 
ness the  associated  sandstone  appears  in  alternating  bands  of  white  and  red. 
The  trappean  pebbles  often  attain  a  magnitude  of  eighteen  inches  in  diameter. 
Their  surfaces  do  not  present  that  smooth,  polished  appearance  which  results 
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matter,  are  not  uncommon.  Most  of  the  kernels  and 
much  of  their  matrix,  seem  therefore  to  have  had  a 
oommon  origin.* 

The  rocks  of  Keweenaw  Point  are  traversed  by  two 
sets  of  joints ;  f  one  bearing  a  few  degrees  east  of  north 
and  west  of  south,  the  other  about  east  and  west. 
Towards  Ontonagon,  however,  the  meridional  series  is 
less  developed,  but  the  nearly  east  and  west  joints  are 
numerous. 

The  general  directions  of  the  trap-rocks,  joints,  and 
lodes^  are  shown  on  the  opposite  page. 

ttom  the  attrition  of  water.  Ai  we  recede  [from  the  trappean  range]  the  amsrg- 
daloidal  pebbles  disappear,  and  are  replaced  by  arenaceous  and  argUlaceons 
particles." — ^Fostbb  &  Whitnbt,  Report  on  the  Oeohpy  of  the  Lake  Superior 
Land  District,  i.  pp.  99—100. 

<*Les  oonglom6rats  contiennent  des  galets  arrondis  de  toute  grossear,  de 
trapp  compacte,  amygdaloide,  cristalUn,  x>orph7ritique  et  de  jaspe,  o'est  It-dire 
de  toutes  les  roches  dures  autres  que  le  granite  ezistant  dans  la  contrte ;  il* 
sont  emp&t^  dans  un  ciment  oompaete  qui  paratt  dtre  compost  des  m^lmes 
mati^res.  Les  gris  subordonn^s  dont  les  couches  sont  comprises  dans  la 
formation  des  eonglom^rats,  sont  formes  de  grains  de  quartz  et  de  feldspath, 
dans  un  ciment  ferrugineux.  •  •  « 

«  En  obseryant  attentivement  les  galets  arrondis  des  conglohierats,  on  dis- 
tingue des  fissures  trds-fines,  remplies  par  du  caleaire  spathique,  qui  paraissent 
se  continuer  dans  la  p&te. 

*'  Aucun  fossile  n'a  encore  6t^  signal^  dans  les  conglom6rats  *  •  •  ." 

Bitot,  AnntdeB  des  Mines,  6me  S^rie,  vii.  pp.  228—9. 

*  "  The  appearance  of  the  conglomerate  is  seen  to  be  allied  with,  and  sub- 
ordinate to,  that  of  the  igneous  masses ;  and  it  appears  to  haye  been  a  result 
of  the  combined  action  of  the  two  classes  of  agencies  by  which  the  trap  and 
the  sandstone  were  formed.** 

Whitnbt,  Metallic  Wealth  of  the  United  StaUi,  p.  253. 

**  Les  lits  de  conglom^rats  et  de  gr^s  qui  s^parent  les  bancs  de  trapp,  les 
altemances  que  pr6sente  la  partie  sup6rieure  de  la  formation  trapp^enne,  et 
prindpalement  rimmense  6tendue  et  la  r6gularit6  de  ces  alternances,  semblent 
indiquer  que  les  trapps  ont  M  produits  en  mdme  temps  que  la  formation  s^di- 
mentaire  et  non  pas  postdrleurement  aux  dipdts  des  couches." 

Bitot,  Annalee  dee  Mines,  5me  S^rie,  tii.  p.  234. 

t  "  The  main  [joints]  fissures  pursue  a  icourse  rarying  but  a  few  degrees 
"  from  the  •  ♦  •  meridian.— FoBTBB  &  Whitmbt,  Eeport  on  the  Geology  of 
the  Lake  St^penor  Land  District,  x.  p.  108. 
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Owing  to  flexures  of  the  principal  trap-range, 
continuous  portions  in  the  neighbouring  metal- 
liferous districts  differ  in  direction*  somewhat 
more  than     » 22\ 

Meanwhile    the    lodes  which   traverse     it    at  - 
Keweenaw   Point,   vary   in  strike '\'   from    those 
which  interlie  it  at  Ontonagon,  no  less  than  •  •  •  •  66^ 

At  Keweenaw  Point  the  anglei  included!  by  the  hdet  and  trap-rocks  )  tmso 

aTerage  abont  f  '^  ' 

Near  Ontonagon      »f        §  n  *»  17^ 


•  Foster  &  Whitney,  Q^ohgieal  Map  of  tk€  Lake  ^HpeKor  Xofu^  jHatrieU 
Whitney,  Metallio  Wealth  of  the  United  Stales,  p,  2d2.  BiTOt,  .drntalee  dee 
Minee,  6me  Sdrie,  tti.  pp.  210,  215.    Ante^  p.  895. 

t  The  directions  of  the  hdee  in  different  parti  of  Cornwall  and  Deroa, 

aTerage— Saint  Just. 85®  N.  of  W. 

Saint  Ives 8*>N.of  W. 

Marasion ..•.•..     1®  S.  of  W. 

Owinear,&e 2°  N.  of  W. 

Helston « 16°  S.  of  W. 

Camborne 20°  S.  of  W. 

Redruth,  Owennap,  and  St.  Agnes. .  22°  S.  of  W. 

Saint  Austell    ••... 13°  S.  of  W. 

Tavistocky&c 9°  S.  of  W. 

Mean  4°  S.  of  W. 

Hbnwood,  ComwaU  OeoL  Drant,  t.  p.  5K50. 

i  *'  On  Keweenaw  Point  one  system  of  reins  is  well  defined.  Their  bearing 
if  north  of  west— the  mean  of  several  obsenrations  giving  north  21 1  weal.  So 
true  is  this,  that  no  permanently  productiTo  rein  has  been  discoTered  tbos 
far  which  varied  15°  f^om  this  course,  which  is  at  nearly  right  angles  to  the 
formation." — Fobtbk  &  Whxtnxt,  Oeotogical  Report  en  the  Lake  Superior 
Land  Dietriety  i.  p.  167. 

«  Dans  la  region  qui  s'^tend  depnis  reztr^mitd  orientale  de  la  Pointe  josqu'it 
la  mine  Albion,  les  filons  transversauz  sent  extrAmement  nombreux,  leur  dis- 
tance ordinaire  paralt  comprise  entre  200  et  600  metres,  et  tons  sent  Ik  pea  pris 
perpendiculaires  k  la  direction  du  trapp :  quelques-uns  paraissent  faire  exception 
et  oouper  les  bancs  sous  un  angle  plus  on  moins  aigu ;  mals  en  les  dtudiant  avec 
attention,  on  pent  reconnaitre  qu'ils  sent  des  veines  d6tach6es  d'un  filon  princi- 
pal on  qa*ils  ne  s*6tendent  en  diagonale  qu'entre  deux  filons  normaux." 

EiTOT,  Annaiet  dee  Minee,  5me  S^rie,  yn.  p.  249. 

§  "  In  the  Ontonagon  region  *  *  *  the  veins  run  with  the  formation  instead 
of  cutting  it  at  right  angles,  like  those  of  Keweenaw  Point." —  Fobtsb  ft 
Whithht,  Geological  Report  on  the  Lake  Superior  Land  Dietriet,  u  p.  168. 

<*  The  mode  of  ooonrrenoe  of  the  oupriferons  deposits  of  the  Ontonagon 
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All  lodes  exhibit  many  flexures ; — as  well  vertical 
as  horizontal ;  *  and  in  some  instances  they  have 
different  bearings  f  in  the  same  neighbourhoods. 

The  following  columns  show  the  extreme  and 
average  dips  of  lodes  having  different  directions.;}: 


region  dififers  materially  from  that  exhibited  by  the  veins  of  Keweenaw  Point. 
They  are  characterized  by  a  constant  parallelism  with  the  line  of  strike  of  the 
formation."— Whitnbt,  MetdUie  WeaUh  of  the  United  SUUea^  p.  286. 

**  Tons  les  gisements  explores  jusqu'ii  present  [dans  le  contr^e  d'Ontonagon], 
sent  dans  le  trapp,  et  sent  paralUles,  en  direction,  aux  terrains.'' 

RiYOT,  Annaiee  dee  Mines,  6me  Serie,  tii.  p.  267. 

*  **  At  the  Cliff  mine  belts  of  rock  form  parts  of  great  curres,  not  sensibly 
differing  firom  straight  lines  in  short  distances,  but  whose  divergence  must  be 
quite  perceptible  in  an  extent  of  500  feet, 

Whxtnbt,  Metallic  Wealth  of  the  United  Staiee,  p.  277. 

t  At  Lae  la  BeUe  mine  two  sets  of  veins  have  been  observed — one  bearing 
north  26]^°  west,  which  appear  to  be  the  main  ones,  and  another  bearing  north 
SO'*  east.''— FosTBS  &  Whitnbt,  Report  on  the  Geology  of  the  Lake  St^>erior 
Land  District,  i.  p.  139, 148—9. 

'  At  Copper  FaUe  "  several  veins  are  nearly  parallel  with  each  other,  their  course 
being  north  22°  to  25°  west.  They  have,  in  almost  every  case,  been  traced  across 
the  whole  width  of  the  belt  of  trap  north  of  the  greenstone,  a  distance  of  more 
than  a  mile.  *  «  ♦  Two  of  these— the  Copper  Falls  and  Hill— veins  only 
have  been  worked  to  any  extent.  %  %  % 

"  In  this  mine  a  remarkable  feature  has  been  discovered,  which  is  unlike  any- 
thing yet  noticed  on  Point  Keweenaw,  This  is  the  occurrence  of  a  metalliferous 
bed  included  in  the  formation,  and  parallel  with  it.  This  stratum,  which  has  been 
intersected  in  the  works  on  both  lodes,  is  about  100  feet  thick ;  and  a  fissure 
*  *  *  between  it  and  the  overlying  bed, — a  bluish  granular  trap,— is  filled  with 
veinstone.  This  east  and  west  vein  is  distinctly  worked  on  the  surface  at  the 
Copper  Falls  mine,  where  it  contains  small  bunches  of  copper.  The  bed  under* 
lying  it  4^  4r  4r  is  of  a  brownish  color,  quite  soft,  and  everywhere  filled  with 
copper."— WaiTNET,  Metallic  Wealth  of  the  United  States,  pp.  261—5. 

Rivot,  Annales  des  Mines,  5me  S^rie,  Tii.  pp.  265,  297—304. 

X  Foster  &  Whitney,  Report  on  the  Geology  of  the  Lake  Superior  Land  District, 
I.  pp.  127—151;  HI.  pp.  760—4.  .Whitney,  Metallie  Wealth  of  the  United 
States,  pp.  262—301.  Bivot,  Annales  des  Mines,  5me  S^rie,  tii.  pp.  245—326. 
AntCy  p.  405,  Note  §. 
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The  bdei  of  Keweenaw  Point  hare,  therefore,  an  average  dip  ol  77^;  *— - 
but  those  near  Ontonagon              „  ,,  66^  f  only. 

Of  6Z  lodes  in  the  Keweenaw  district,  37  (0*7)  have  an  easterly, 
t,                     n               <^d  10  (0*3)  a  westerly  dip, 
whilst  66    ,t    at  Ontonagon ( 1  -0)  all  dip  towards  the  north. 

Other  obvious  influences  scarcely  need  recapitulation. 

The  following  columns  set  forth  the  extreme  and 
average  widths  of  lodes  having  different  directions 
and  dips. 

Directions, 


Dips. 


N—  I 
19  .E.    ( 

N.E.—  ) 
E.        5 

E.—  ) 
S.E.    5 

S.E.—  ) 

S.  i 
8.-      I 

8.W.  ] 
S.W.—  ) 

w.  ] 
w—    I 

N.W.  ] 
N.W.    > 
-N.    J 


Extxemet., 
Means  .. 


N.  to  N.B.— 
S.  to  S,W. 


feet 


Widths, 
faet 

84 


9-7 


9-7 


0-5 


•  • 


0-5 


fe«t 
m4 


2-3 


2-8 


N.E.  to  E.— 
8. W.  to  W. 


fMt 


Widths. 

feet 

8. 


feet 
M. 


E.  to  S.E.*'— 
W.  to  N.W. 


feet 
o. 


Width!. 

feet 

8. 


KEWEENAW. 


7-0    1-0 


.. 


0*6} 


0-6§ 


30 


7-0 


10 


I'O 


feet 


3-011 


3'0 


S.E.  to  8.— 
N.W.  to  N. 

Widths, 
feet    feet    feet 
O.    I    8.        M. 


7-0 


6-5 


70 


0'6 


0*3 


0-3 


2*211 


2-211 


2-2 


J 


feet 
O. 


Widths. 

feet 

8. 


70 
7-0 

9-7 


30 
6*5 


9-7 


1-0 
0-6 
0-5 


1-0 
0-3 


0-3 


feet 

V. 


3-0II 

2-2ir 

2*3 


2-2ir 


0-6§ 


2-4 


«  *  The  dip  of  most  of  the  veins  in  this  district  is  nearly  perpendicular,  and 
generally  pretty  regular,  the  underlayi  or  deTiation  from  a  Tertical  line,  being 
rarely  more  than  8  or  10  degrees." 

Whitmbt,  Metallic  Wealth  of  the  Untied  States,  p.  260. 

t  At  Ontonagon  '*  true  veins  coincide  in  direction  with  the  beds  of  rocks,  but 
dip  at  a  different,  and  usually  a  greater  angle,  in  the  same  direction  with  the 
formation." — Ibid,  p.  287. 

i  o.,  8.,  M.    Greatest, — smallest, — mean.        {  Single  obseryations. 
II  Lodes  having  similar  directions,  but  opposite  dips. 
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Directions 
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E.  to  S.B.— 
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The  lodes  in  Keweenaw  Pointi  thereforei  average  2*4  feet  in  width ; 
those  near  Ontonagon  ,,  ,,       8*2    ,,         „ 

The  following  columns  afford  a  comparison  of  the 
mean  directions,  dips,  and  widths,  of  the  lodes  in 
different  districts.* 

Directions.  Dips.         Widths. 

feet. 

Keweenaw 29°  S.  of  E.  &  N.  of  W.f  •..  TT^J  ...  2-4  § 

Ontonagon 87**  N,  of  E.  &  S.  of  W.f  .-.  56° f  —  3-2  § 


*  The  average  directions,  dips,  and  widths  of  lodet,  and  cross-veins  in  Cornwall 

and  Devon  are — 

DirecUonia  Dlpi.  Bresdths. 

feet. 
Lodes 4""  N.  of  £.  &  S.  of  W about  70'' 3*61 

Cross-veins  ....    38®  S.  of  E.  &  N,  of  W „     80®  ......  4'03 

Ilcnwood,  Cornwall  Geol,  Trans.,  v.  pp.  247,  260,  277, 279,  Tahles  CL,  CIILt 
CIV.,  CVI,i  Ante,  p.  309. 

t  Ante,  p.  405.        i  Ibid,  p.  407.        }  Ibid,  p.  409— 5w;)m. 
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The  ingredients  of  the  lodes^  and  their  relations  to 
those  of  the  adjoining  rocks,  may  be  conveniently 
described  together. 

Keweenaw  Point. 

(a.)  Immediately  north  of  the  crystalline  green- 
stone,* some  two  miles  and  a  half  south-east  of  Eagle 
river,  the  Meadow  mine  has  been  opened  in  a  coarse, 
granular  trap-rock,  composed  chiefly  of  labradorite 
and  hornblende,  but  containing  also  much  chlorite.f 
Small,  isolated,  masses  of  quartz  occur  at  intervals; 
and  short,  thin,  lines  of  calcareous-spar, — mixed  some- 
times with  epidote — here  and  there  traverse  the  other 
constituents.  A  few  of  the  beds — which  are  seldom 
well  defined — show  traces  of  amygdaloidal  structure. 

Within  a  width  of  forty  fathoms  three  lodes  were 
(in  1852)  wrought  j:  to  a  depth  of  about  thirty  feet; 


VIZ.- 


Directions. 
Dips  .... 
Widths  .. 


North,  or  North-^ast, 
vein. 


..  25»— 46*»  W.  of  R— E.  of  8. 


• . .  •  B«— 5.  IT  •  68  ^—70     •  • . .  • 


i 


one  vein  ••  1*0  —  1*5  foot  ) 
two  veins..  0*6  &  0*8    „    > 


Middie  vein. 


26*'  W.  of  N.— 
E.  of  8. 

N.— N.E.  66°— 
70°. 

....  2*6 feet  .... 


South,  or  SotUh- 
toest. 


26°  W.  of  N.— 
£.  of  S. 

8.— S.W.  66°— 
76°. 

(  0-6— 0'8  foot. 
\  A  line. 


In  all  these  the  most  abundant  ingredient  is  trap ; 
which  sometimes  encloses,  but  is  frequently  enclosed 

«  Whitney,  Metallic  Wealth  of  the  United  States,  p.  266.    Ante,  p.  328. 

t  Ante,  pp.  399,  401. 

}In  1863  four  veins  wcrovrought.— Whitney,  ifisto/ft'c  Wealth  of  the  United 
States,  p.  26G. 
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ID,  quartz  or  calcareous-spar.  These  now  and  then 
occur  separately ;  but  more  commonly  they  are  mingled, 
though  unequally  in  different  places.  Smaller  quanti- 
ties of  chlorite  are  scattered  amongst  the  other  minerals; 
epidote  appears  from  time  to  time ;  and  in  narrow  parts 
of  the  lodes  Laumonite  prevails.  Mammillary  con- 
cretions of  prehnite  often  incrust  the  granules,  threads, 
plates,  and  masses  of  native  copper;  which  are  numer- 
ous in  the  calcareo-siliceous  portions ;  especially  where 
the  neighbouring  (Country)  rock  is  of  amygdaloidal 
character. 

The  directions  of  these,  as  well  as  of  many  other 
hdes^  both  in  Keweenaw  Point  *  and  at  Ontonagon,* 
may  be  traced  by  ranges  of  cuttings  f  and  heaps  of 


*  **  Upon  Keweenaw  Point  ancient  pits  have  been  found  extending  from  Eagle* 
riyer  eastward,  a  distance  of  twelve  miles,  along  the  base  of  the  trap  range. 

«  For  a  distance  of  nearly  thirty  miles  [in  the  Ontonagon  district]  there  is 
almost  a  continuous  line  of  [similar  works]  along  the  middle  range  of  trap, 
though  they  are  not  exclusively  confined  to  it." 

F08TB&  &  Whitmbt,  Report  on  the  Qmilogy  of  the  Lake  Sf^tenor  Land 
District,  i.  p.  161. 

'*  Throughout  the  whole  extent  of  the  copper  region,  from  the  extremity  of 
Keweenaw  Point  to  a  considerable  distance  beyond  the  Ontonagon,  *  •  « 
numerous  excavations  made  for  the  purpose  of  procuring  copper  have  been 
found."— Wkitnbt,  MetaUic  WeaUh  of  the  United  Staies,  p.  250. 

*'  Les  vieux  travaux  sont  nombreux  au  nord  et  au  sud  du  greenstone,  dans  le 
district  de  la  pointe  de  Keweenaw ;  ils  sont  plus  nombreux  et  plus  importants 
dans  la  eontrde  d*Ontonagon,  k  Test  et  k  Touest  de  la  rividre." 

Bitot,  Annalea  dee  Mines,  6me  S^rie,  tii.  p.  280. 

t  The  Cliff  vein  "  has  been  traced  to  the  Lake,  and  found  marked  by  ancient 
excavators."— Whitnby,  MetaUic  WeaUhof  the  United  Statesi  p.  265. 

'*  During  the  winter  of  1847—8  it  was  discovered  that  [at  the  location  since 
occupied  by  the  Minnesota  Company]  mining  operations  had  been  carried  on 
many  hundred  years  previously.  •  «  «  A  series  of  open  cuts  had  been  made 
along  the  brow  of  the  hill,  4t  *  %  from  which  had  been  taken  large  quantities 
of  rock,  and  probably  of  copper."  The  line  "  of  ancient  excavations  was  quite 
perceptible,  even  under  a  covering  of  three  feet  of  snow  ;'*%%%  notwith- 
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rubbish,*  the  works  of  an  earlier  race  of  miners.  A 
few  of  these  ancient  openings  exceed  twenty  feet  in 
depthyf  but  many  are  less  than  ten  ; ;]:  traces  of  copper 
are  visible  in  most  of  them,  but  the  largest  masses  have 
generally  been  found  in  the  deepest  pits.§     Exhausted 


standing,  "  they  were,  in  great  measure,  filled  with  an  accumulated  mass  of  clay, 
sand,  and  mouldering  vegetable  matter." 

Jackson,  Report  on  the  Geological  and  MineraJogical  Survey  of  Lands  in 
Michigan^  in.  p.  745.  Whitnbt,  MetaUic  Wealth  of  the  United  States, 
p.  293. 

"  Near  the  Copper  Falls  Mine  there  are  extensiye  ancient  workings  on  a 
metalliferous  belt;  which  is  of  a  brownish  color,  quite  soft,  and  everywhere 
filled  with  copper,"— Whitney,  Metallic  Wealth  of  the  United  States,  p.  265. 

"  At  the  Forest  Mines  very  extensive  excavations  had  been  made  by  the  ancient 
miners,  and  quite  large  masses  of  copper  were  found  near  the  surface  in  cleaning 
out  the  old  workings,  of  which  there  are  four  parallel  rows  along  the  bluff." 

Ihid,  p.  297. 

Squier  &  Davis,  Smithsonian  Contributions  to  Knowledge,  i.  pp.  279—81. 
Foster  &  Whitney,  Report  on  the  Geology  of  the  Lake  Superior  Land  District, 
I.  p.  169.  Henwood,  Reports  of  the  Royal  Institution  of  ComioaU,  XXXY.  (1853) 
p.  22.    Bivoty  Annates  des  Mines,  5me  S^e,  tii.  pp.  278 — 82. 

*  **  The  rubbish  taken  from  the  mine  is  piled  up  in  mounds,  which  can  readily 
be  distinguished  from  the  former  contour  of  the  ground." 

Foster  &  Whitney,  Report  on  the  Geology  of  the  Lake  Superior  Land 
District,  p.  169. 

t  At  the  Minnesota  mine  **  one  of  the  ancient  excavations  was  found  to  be  26 
feet  deep  on  the  vein,"  and  at  the  Nationcd  Mine  **  a  shaft  had  been  sunk  in 
former  times,  to  a  depth  of  about  60  feet,  on  the  lode." 

Whitney  MetaUic  Wealth  of  the  United  States,  pp.  293, 297. 

X  "  Les  vieux  travaux  sent  arr^t^  h  une  faible  profondeur,  de  3  d  12  mdtres, 
Euivant  la  configuration  des  terrains,  et  n'ont  pas  6ik  poussds  plus  bas  h  cause 
dcs  eaux."— Bitot,  Annates  des  Mines,  6me  S^rie,  yii.  p.  280. 

§  When  the  earlier  works  at  Minnesota  were  reopened  "  to  a  depth  of  18  feet, 
a  mass  of  native  copper  ten  feet  long,  three  feet  wide,  nearly  two  feet  thick,  and 
weighing  over  six  tons,  was  met  with.  It  had  been  raised  about  five  feet  from  ita 
native  bed  by  the  ancient  miners,  secured  there  on  oaken  props,  and  abandoned 
apparently  on  account  of  the  difficulty  of  raising  it  to  the  surface.  Every  pro- 
jecting point  which  was  accessible  had  been  taken  off,  so  that  the  exposed  surface 
was  smooth.    Below  this  the  vein  was  subsequently  found  filled  with  a  sheet  of 
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works  are  often  filled  with  broken  vein-stone.* 
Egg-shaped  and  reniform  masses  of  greenstone, 
porphyry,  and  quartzose-sandstone,  in  all  which  deep 
grooves  have  been  cut — probably  for  the  reception  of 
withes  or  thongs,  to  secure,  or  to  serve  as,  hilts, — lie 
scattered,  either  singly  or  in  groups,  amongst  the 
rubbish,t — as  well  in  the  underground  works  as  at 
the  surface — of  every  mine  in  both  districts.     They 


copper  five  feet  thick,  and  of  undetermined  extent  Tertically  andlongitndinilly." 
Jackson,  Report  on  the  Geological,  and  Mineralogical  Survey  of  Landt  m 
Michigan,  iii.  p.  745.    Fostbr  &  Whitnbt,  Retort  on  the  Geology  of  (Me 
Lake  Superior  Land  Dietrid,  i.  p.  159.    Whitmet,  MetaUie  WeaUh  qf  ik^ 
United  States,  p.  293. 
'*  On  cleaning  out  an  ancient  shaft  which  had  been  sunk  to  the  depth  of  about 
50  feet  at  the  National  Mine,  the  remains  of  etulli  or  timbers  forming  a  scaffold- 
ing, and  a  nearly  continuous  sheet  of  copper,  were  found." 

Whxtmbt,  Metallic  WeaUh  of  the  United  States,  p.  297. 
**  At  the  Central  Mine,  not  far  from  Eagle  Harbor,  a  mass  of  copper  was  found 
in  ope  of  the  old  pits  that  weighed  forty-six  tons." 

Atlantic  Monthly  Magazine,  XT.  (March,  1865)  p.  310. 
*  **  These  primitive  workmen  seem  not  to  have  lifted  their  rubbish  to  the  surface, 
but  to  have  thrown  it  behind  them ;  thus  filling  their  abandoned  works  as  they 
proceeded."— Hbnwood,  Reports  of  the  Royal  Institution  of  Cornwall,  xxxr. 
(1853),  p.  22. 

"  At  the  Minnesota  Mine  an  ancient  opening  was  found  to  have  been  filled 
with  rubbish  as.  the  miners  advanced."  Whittlbsbt  (Lecture  at  Montreal), 
Lake  Superior  Miner,  in.  (12th  September,  1857)  p.  2. 

t  "  Large  quantities  of  stone  hammers,  or  boulders  of  an  ovoidal  shape,  with 
a  groove  cut  around  them  near  the  middle,  probably  for  the  purpose  of  attaching 
a  handle  with  a  withe,  were  found  buried  in  the  rubbish  which  filled  many  ancient 
works  at  the  Minnesota  Mine.  4t  4t  %  Furthermore  we  found  half-finished  scalp- 
ing-knives  and  spear-heads  in  the  soil  near  the  Eagle  river  copper  mine;  and  those 
instruments  bear  ample  evidence  of  their  Indian  origin. "-Jackson,  Report  on 
the  Geological  and  Mineralogical  Survey  of  Lands  in  Michigan,  in.  pp.  374|  7^^* 

"  The  amount  of  ancient  hammers  found  in  the  vicinity  of  the  Minnesota 
Mine  exceeded  ten  cart-loads.  %  It  4t  They  are  made  of  greenstone  or  por- 
phyry pebbles,  with  a  groove,  single  or  double,  cut  around,  by  which  a  withe  was 
attached.  One  of  the  larger  class  weighed  39|  lbs. ;  smaller  specimens  were  of 
5  or  6 lbs.  each. 

"  In  addition  to  these  relics  a  copper  gad^  with  the  head  much  battered,  and 
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weigh  mostly  from  six  to  eight  pounds  each^  but  some 
are  much  heavier.  Notwithstanding  they  are  the 
hardest  pebbles  amongst  the  drift,  in  the  beds  of  rivers, 
and  on  the  lake-shores,  many  of  them  appear  chipped 
by  use.  Knives,  spear-heads,  a  gcui  (wedge),  and  a 
chisel  of  hammered  copper ;  beside  a  broken  bowl  and 
some  shovels  of  wood;  have  been  discovered,  from 
time  to  time,  in  and  near  the  mines. 

From  the  presence  of  wood-ashes  in  the  works,  it 
has  been  inferred  that  fire  was  occasionally  used*  to 
soften  the  rock. 


a  eopper  chisel|  with  a  aocket  for  the  reoeptlon  of  a  handle,  were  brought  to 
Ught.  *  *  * 

**  la  deaniag  oat  one  of  the  pits  at  the  Foreii  mine  at  a  depth  of  ten  feet  the 
workmen  came  aeroaa  a  fragment  of  a  wooden  bowl  *  «  *  ." 

FoBTBR  &  WBimxTy  BepoTt  on  the  Q9oiogy  of  tht  Lak&  Sk^erifir  Ltmd 
DiMtriet^  x.  p.  160—1. 

Sqnier  ft  Davia,  SmUKtomitm  (kmitnXmUoni  to  EnonoUdg^j  x.  p«  280.  Henwood, 
BeporU  of  ike  Sopai  IfuHiuUon  of  Comwatl,  xxxv.  (1858)  p.  28,  Fig,  1, 2. 
WUtnejr,  UdMc  WeaUh  t^f  Me  United  Statee,  p.  250.  Bivot,  Amudee  dee 
JirtiMfy6me8MeyTXX.p.270.  Lephem,  Smitheoman  CoiUribuHone  to  Ehowledffe^ 
TU.  pp.  74—7.  Whittleaey,  Lake  Superior  Miner,  iiu  (12th  September,  1867) 
p.  2.    AtlmUic  JfofiM^  Magaeine,  xy.  (March,  1865)  pp.  808—10. 


e  "  Benmants  of  ohareoal  were  found,  at  nnmerona  pUcea,  lying  on  the  anr* 
liaee  of  the  rock.*'— Fostbr  ft  Wuixmnr,  Report  on  tke  Oeokgy  of  ike  lake 
Superior  Land  Dieirict,  l  p.  161. 

'*  Fragmenta  of  charcoal  have  been  often  noticed,  indicating  that  the  method 
punned  waa  aimilar  to  that  atill  employed  in  aome  of  the  European  minea,  in 
the  nae  of  fire  to  attack  the  rook." 

Wbitmbt,  MetalUe  Wealth  of  the  United  Staiee,  p.  250. 

'*  The  mode  of  mining  puraued  by  the  aboriginea  waa  to  build  Area  to  aoften 
the  rock,  and  then  break  out  the  metal  by  means  of  atone  hammera.'* 

WBiTTLsaBT  (Lecture  at  Montreal),  Lake  Superior  JItner,  zix. 
(12th  September,  1857),  p.  2. 

Squier  ft  Daviiy  Sndtheonian  ContribuHone  to  Xhowledge,  x.  p.  280.  Bi?ot, 
AmuUee  dee  Minee,  5me  S^rie,  tu*  p.  280.  AtkmHe  Monihi^  Jfa^afftne,  xy, 
(March,  1865)  p.  311.    Ante,  pp.  51—2. 

hhh 
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Pines  two  or  three  feet  in  diameter  were  still  growing 
on  ancient  heaps  of  rubbish,  at  the  Meadow  mine  in 
1852;  and  yet  older  and  larger  trees,  covered  the  earlier 
works  of  other  mines,* 

From  the  extent  of  the  earlier  works,t  and  from  the 
numbers  of  rude,  yet  serviceable,  tools  still  remaining,^ 
it  may  be  interred  that  a  large  population  was  onoe 
engaged  in  searching  for  copper; — the  depths  of  nu- 
merous pits  §  show  that — in  them  at  least — operations 
were  long  continued  ; — and  that  many  were  abandoned 
several  centuries  ago  is  shown  by  the  ages  of  the  trees  Q 


*  "  At  the  Vulcan  mine  eztensiye  open  outs,  made  hj  the  aneient  minen, 
have  been  filled  nearly  to  a  level  by  the  accumulation  of  soili  and  we  find  trees 
of  the  largest  growth  standing  in  the  depressions;  and  also  find  that  trees  of  a 
Tery  large  size  have  grown  up  and  died,  and  decayed  many  years  since  t  in  the 
same  places  there  are  now  standing  others  of  over  three  hundred  years*  growth." 
Squibb  &  Dayis,  Smiihaonian  Contribuiuma  to  Knowtidge^  u  p.  280. 

"  Upon  an  [artificial]  mound  of  earth  we  saw  a  pine  stump,  broken  fifteen 
feet  firom  the  ground,  ten  feet  in  circumference,  which  must  have  grown,  fiouiishedy 
and  died  since  the  earth  in  which  it  had  taken  root  was  thrown  out  Mr.  Knapp 
[of  the  Minneaota  mine]  counted  three  hundred  and  nine-fiTe  annular  rings  on 
a  hemlock,  growing  under  similar  circumstances,  which  he  felled  near  one  of  his 
shafts.  Thus  it  would  appear  that  these  exploitations  were  made  before  Columbus 
started  on  his  voyage  of  discoTery." 

FosTBS  &  Whitnbt,  Report  on  the  Geology  of  tka  Lake  Syperior 
LandDiatricif  i.  p.  160. 

**  There  is  plenty  of  evidence  that  the  timber  of  fbll  size,  now  flourishing  in 
the  old  excayations,  is  of  the  second  growth  at  least  since  the  mines  were  deserted. 
•  •  «  It  must  not  be  forgotten,  however,  that  the  same  species  of  tree  does 
not  immediately  succeed,  but  those  of  other  kinds  take  its  place." 

Whittlsset  (Lecture  at  Montreal)  Lake  St^)erior  Miner,  ni. 
(I2th  September,  1857)  p.  2.  (Abridged.) 

Jackson,  Heport  on  the  QeotogicaX  and  Mineraloffical  Survey  of  Landt  in 
Michigan,  iii.  p.  745.  Henwood,  Reporte  of  the  Royal  Inetiiution  of  Cornwall, 
xxxT.  a853)  p.  22.  Whitney,  Meiattie  WeaUh  of  the  United  States^  p.  250. 
Biyot,  Annalee  dea  Mi$iea,  5me  S€rie,  tii.  p.  279.  Lubbock,  Pre-Hiaiorie  Timea, 
p.  202.    Atlantic  Monthly  Magazine,  XT.  (March,  1865)  p.  311. 


<A«Mwi»iv  jBviM/Mjr  MU/^^axwrw,  a  v.  ^jonrua,  Aovuf  p.  oxi. 

t  AfUc,  p.  412.        X  Ihid,  p.  414.       i  Ibid,  p.  413.        I  St^n-a, 
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found  rooted  in  the  broken  vein-stone  and  other  rubbish 
with  which  they  were  mostly  filled;*  but  whether 
all  were  wrought  at  the  same  time,t  or  by  the  same 
peopled  i,  unknown. 

Notwithstanding  the  extent  and  richness  of  the 
ancient  mines^^  the  tools  and  weapons  of  copper^  yet 
discovered  in  and  near  them,  have  been  very  few ;  || 

•  AmU,  p.  414. 

t  '*  Dans  toute  la  eontrte  dant  laqnelle  lea  explorations  rteentes  ont  signal^ 
le  euivre  natlfy  on  a  constat^  Texistence  d'anciens  travauz  d'ezploitation :  *  *  * 
en  d'antres  points  les  ezoayations  paraissent  bien  pins  modemes,  et  abandonees 
tent  r^eemmenU"    Bitot,  Annah9  de$  Mine$,  5me  S^rie,  vii.  p.  279. 

<'  From  the  amonnt  of  work  acoompUshed  by  the  ancient  miners,  and  tbeir 
want  of  facilities,  tbeir  operations  must  baye  extended  through  a  period  of  five 
hnndred  years.  From  the  fact  that  no  remains  of  houses  in  that  scyere  climate 
are  found,  no  roads  or  other  improyement  made  by  permanent  inhabitants,  the 
conclusion  seems  ineyitable  that  the  mines  were  wrought  only  in  summer,  and 
that  by  some  people  who  came  hither  for  the  purpose,  and  departed  with  the 
approach  of  winter."—  WHrrrLBSBT  (Lecture  at  Montreal),  lAkd  Stqierior 
Miner,  in.  (12th  September,  1857)  p.  2. 

AtkmHe  MotUMff  Magasme,X7.  (March,  1865)  p.  312, 

t  **  All  will  assign  to  these  exeayations  a  high  antiquity ;  but  whether  they 
were  made  by  a  race  distinct  from  the  Indian  now  inhabiting  the  region,  b  a 
matter  of  extreme  doubt."— FoeTBa  &  Whit»bt,  Report  on  the  Geology  of  the 
Lake  Superior  Land  Diiiriet,  i.  p.  162. 

"  No  remains  of  habitations  or  burial-places,  which  might  furnish  a  due  to 
the  race  by  which  this  work  was  done,  haye  yet  been  found," 

Whitnby,  MetdUic  WeaUh  of  the  United  States,  p.  250. 

*'  En  rapprochant  ces  falts  des  renseignements  rapport^  par  les  missionnaires 
j^uites  et  les  plus  anciens  yoyageurs,  on  pcut  conclure  que  les  mines  de  cuiyre 
natif  ont  6i€  de  tout  temps  exploit^es  par  les  Indiens  peaux  rouges,  r6sidant, 
en  faisant  seulement  des  excursions  dans  la  contr^e." 

Bitot,  Annates  dea  Mines,  5me  S4rie,  vii.  p.  280. 

(( Upon  a  general  consideration  of  the  earth«>works  in  Wisconsin,  we  are  led 
to  the  inference  that  the  men  who  built  them,  and  those  who  first  opened  the 
Lake  Superior  copper  mines,  were  one  and  the  same  people ;  and  that  they  were 
none  other  than  the  ancestors  of  the  present  race  of  Indians." 

Lap  HAM,  Smithsonian  Contribtttions  to  EswwUdge,  vii.  p.  26. 

Atlantic  Monthly  Magazine,  xv.  (March,  1865)  p.  812. 

{  Ante,  p.  413.  U  Ihid,  p,  415. 
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but  firom  aboriginal  earthworks  in  Wisconsin,*  Ohio,! 
and  Canada  :|;  also,  axes,^  chisels,  ||  borers^if  tubes,^ 
knives,ff,  spear-heads,:|::|;  arrow-heads,^^  braoelet8,|| 

gorgets,irir  buttons,***  and  beads  f ft  ^^^  ^™  ^^''^ 
obtained.  The  metal,  generally,  is  remarkable  for  its 
purity ;  '!^^  but  now  and  then  granules  of  native  silver 
are  embedded  in  the  copper,  §§§ — a  mode  of  association 
peculiar  to  this  region. 

*  t>pham,  SmUMmnkm  CatUrib'Uiiom  to  Bkotold^^,  tii.  pp.  l»9a.  WhittlMtj 
(LMtvra  at  Montreal),  Lak§  Sup9nor  Mmtr.  ni,  (12th  September,  1857)  pw  t, 
AikmHo  MmOO^  Ma^a»m$,  XT.  (Mireh,  1865)  p.  812. 

t  SquScr  ft  Davis,  SwuiMtonitm  CoiUribnUimii  to  Snowied^  x.  pp.  1—808. 
Wbittleaey,  Lake  Sitperior  Mimor,  xii.  p.  2.  AtkmHe  MotUkljf  JfcijajjjM,  xt. 
p.  812. 

t  Squler  ft  Davis,  SmUMtonim  OotUnbuthm  to  Knowhd^e,  x.  p.  201. 
S  Ihid,  L  p.  197,  Fiff.  81,  82. 

I  Lapham,  2M^  tii.  p.  88,  Fift.  60. 

IT  Sqoier  ft  Davis,  IHd,  i.  p.  200,  Fig.  86. 

«« IM,  I.  p.  207,  Fig.  98. 

ft  aid,  I.  pp.  201—2,  Fig,  87—8. 

tt  /^  pp.  201—2,  Fig.  86—1, 2 ;  87—1, 2. 

fi  Lapham,  iMtf,  TU.  p.  77,  Fig,  8, 4. 

II  Squier  ft  Davis,  Ibid,  i.  p.  204,  Fig,  88. 
f  Y  Ihid,  I.  pp,  208—6,  Fig,  89,  90. 

♦^  Ibid,  L  p.  207,  Fig.  94. 
ttt  Ibid,  I.  p.  207,  Fig.  96. 

ax  "  ^0  <^M  voK  fonndf  upon  analysis,  to  be  pure  eq^^psr,- unalloyed,  to  any 
peroeptible  extent,  by  other  metals."— i6id;  i.  p.  202. 

"  A  slice  of  copper  firom  the  great  mass  at  the  Cqppmr  Fatti  mine,  was  found 
on  analysis  to  be  pure  copper.  «  «  «  A  strip  from  one  of  the  largest  masses 
at  the  bottom  of  the  Cliff  mine  was  dissolved  in  pure  nitrie  acid,  and  left 
•  •  •  but  a  minute  portion  of  silex.  «  «  « 

*'  A  piece  sawn  out  of  a  large  crystal  from  the  C2{^  mine  when  dissolved  in 
pure  nitric  add  and  distilled  in  water  left  scarcely  0-00107  its  weight  of  silez." 

Jaoxson,  Seport  on  iK$  Oeohgieal  and  MinonUogical  Swveg  of  Landt  m 
Michigan,  iii.  pp.  476—6. 

Hi  As  the  copper  discovered  in  ancient  mounds  of  earth  *'  is  occasionally  found 
combined  with  silver  in  the  peculiar  manner  characterising  the  native  deposiu 


L 
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All  these  tools,  weapons,  and  ornaments,  however, 
are  of  native  copper ;  for — notwithstanding  the  earlier 
miners  often  applied  fire  to  the  rocks,* — no  trace  of 
molten  f  metal  has  been  found  either  in  the  earthen 
mounds  or  in  the  mines. 

(6.)  The  North  American  mine  (Table  XI. )j 
about  three  miles  and  a  half  south-west  of  Eagle  river. 


upon  the  ihores  of  Lake  Superior,  we  are  led  to  conelttde  that  it  was  prindpally, 
if  ziot  wholly,  deriyed  from  that  region." 

SQuna  ft  Datu,  Smiihapniain  C(miribution»  to  Knowied^,  v  p.  279. 

"  In  the  eopper  tools  found  In  Ohlo^  are  seen  spots  of  natiTe  silTor ;  a  fast  weU 
known  in  relation  to  Lake  oopper." 

Wbittlibst,  Lake  Superior  Minmr,  nu  p.  2. 

•'*  In  these  oopper  relies,  blotchee  and  grains  of  natiTe  silTer  are  fonnd.'* 

Athniic  UaiUhijf  Mapazme,  xy.  p.  309. 

**The  natiTe  sUter  is  seattered  throngh  the  metallie  oopper,  of  the  Lake 
Superior  region,  in  snch  a  manner  that  each  metal  remains  entirely  free  from 
alloy  with  the  other,  although  the  junction  of  the  two  at  their  edges  is  a  per- 
fect one*"— FooraB  ft  Whihist,  BtpoH  m  tAe  Otology  vf  the  Lako  Si^poHor 
LafMiDMirM^i.p.178. 

**  In  the  Lake  Superior  Toins  natiye  sIlTer  oocurs  Intimately  united  with  eopper, 
bdng,  as  it  were,  soldered  to  it,  or  forming  blotdies  and  specks  within  it,  bnt  the 
two  metals  are  never  found  alloyed  together." 

Whitmxt,  Metallic  Wealth  ef  the  United  Statee^  p.  278. 

Bitot,  JUmalei  dee  Uinee^  6me  S^rie,  txi.  p.  814. 

*ilfi<0,p.  416. 

t  **  Considerable  quantities  of  wrought,  and  some  small  fragments  of  un- 
wrought  nstiye  copper,  have  been  extracted  from  the  mounds.  «  •  «  The 
metal  appears,  in  all  cases,  to  haye  been  worked  in  a  cold  state." 

SavzxB  ft  Davis,  Smithsonian  Coniributione  to  Knowledge^  i.  p.  279. 

**  There  is  no  eridence  that  the  race  by  whom  the  tumuli  were  built  possessed 
suflielent  knowledge  of  the  metallurgio  art  to  reduce  and  purify  the  ores  of 
copper."— FosTin  ft  Wbiimzt,  Bepori  on  the  Oedhgy  of  the  Lake  Superior 
Lani  Dietriet,  u  p.  16B. 

**  The  Ohio  people  of  the  Mound  Bpoch  did  not  possess  the  art  of  smelting 
copper."— WbittxiBSxt,  Lake  Siqperior  Miner,  iii.  p.  2. 

Lubbock,  Pre^ietorio  Timee,  p.  418. 

'*  I  haye  never  seen  a  oopper  relic  [from  this  region]  that  had  the  appearanee 
of  haring  been  melted.  They  invariably  appear  to  have  been  out  and  hammered 
into  shape  from  maMOS  of  natife  copper." 

Atlantic  Monthly  Magaeine,  xv.  p.  309. 
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has  been  wrought  in  the  granular  and  amygdaloidal 
trap  immediately  south-east  of  the  greenstoney  to  a 
depth  of  nearly  seventy  fathoms,  on  a  lode  which  bears 
38o_45«  S.  of  E.— N.  of  W,— dips  60"— 85"  N.R,— 
and  varies,  from  less  than  an  inch  to  about  six  feet, 
in  width.*  On  the  north-east,  however,  two  nearly 
parallel,  though  subordinate  (branches),  veins  unite 
with  it  at  different  levels :  f  but  neither  of  them  has 
been  traced  through  the  greenstone*;}: 

Their  more  abundant  ingredients  are  calcareous- 
spar,  quartz,  and  prehnite ;  but  Laumonite,  chlorite, 
epidote,  hornblende,  and  disintegrated  felspar  Qi  labra- 
dorite), — though  generally  present  § — occur  in  smaller 
quantities.  Most  of  them  are  more  or  less  mixed; 
but — here  and  there — one  or  other  is  separately  aggre- 
gated. Sometimes,  also,  blocks  of  trap  are  imbedded 
in  and  transfused  with  the  other  components  of  the 
vein-stone.     A  cellular  structure — oblique  to  both  the 


•  Jackson,  Foster,  &  Hill,  Rspori  on  ih$  Geologieal  and  MimnUopieai  Smvey 
of  Landi  m  MiMgan^  nu  pp.  468,  760.  Foster  &  Whitney,  Report  a»  ^ 
Qet^agy  of  the  Lake  Superior  Land  Dietriet,  i  pp.  182,  140.  Whitney,  MeiaBic 
WeaUh  of  the  United  Statee,  p.  279.  Eivot,  Annalea  dee  Umee,  6me  Sdrie,  tu. 
p.  815. 

t "  Near  the  165  foot  level  a  small  vein  or  feeder  unites  with  the  lode,  [which 
inunediately]  below  increases  in  width,  and  becomes  highly  metalliferons.  At  a 
depth  of  275  feet  another  feeder  comes  in,  and,  like  the  former — enriches  and 
expands  the  lode  still  Anther." — ^Fobtbr  &  WsmniT,  Report  on  the  Geology  of 
the  Lake  Superior  Land  Dietrict,  z.  p.  132;  WHirxnT,  MetaUie  Wealth  of  the 
Vmted  States,  p.  277. 

X  "The  vein  was  not  exposed  in  the  face  of  the  cliff.*' — Jaoxsok,  Report  on 
the  QeoHogieal  and  Mineralogioai  Survey  of  Lande  in  Michigan,  iii.  p.  458. 

§  "  The  Tein-stone  consists  of  calc-spari  laumonite,  prehnite,  chlorite,  apophjl- 
lite,  and  drusy  quarU."— FosTsn  A  WaxTNBT,  R^ort  on  the  Oeokgg  of  the 
Lak9  Sf/^erior  Land  Dietrict^  i,  p,  146. 
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dip  and  directk»i  of  the  lode — is  assumed*  at  intervals, 
by  portions  in  which  every  cavity  is  eacrusted  with 
minate  crystak  of  quartz. 


Hatanl  dn. 

Longitudinal  joints  frequently  divide  the  lode  into 
parallel  (combs)  slices,*  which  are  now  and  then 
characterized  by  either  the  proportions  or  the  disposition 
of  their  constituents. 

Wherever  the  adjoining  (Country)  rock  is  of  amyg- 
daloidal  structure,  the  lode  contains  native-copper; 
usually  in  grains  and  small  Iumps,f  but  occasionally 

•  Boua,  Primary  Otelogy,  p.  17B.  Burr,  USukig  Sttitu,  m.  (18IS)  p.  337. 
Vex,  Beport  of  tha  Eofal  PolfttiAitie  Soeiely  of  Coniuan,  it.  (1S36)  p.  89. 
Dc  U  BMhe,  RepoH  M  Hit  Oailogy  of  CvnueaB,  Dtton,  and  Wttt  Somtmt,  p. 
339.    Henwood,  CbnwoB  Oaeii.  TViDM.  T.  p.  179. 

t "  Tliroiigli  tlie  radre  Iraglh  of  the  lower  lerel  [180  feet  bom  the  nirfliM] 
tha  loda  hu  baen  foond  good,  eonUiiUiiB  in  lome  pUee*  mui  coppei,  Fiom  ul 
cumiiution  mX  Um  daplli  ol  96  het,  it  ii  inferred  that  Iha  velnitaiie  la  8  at  3} 
per  entt.  lieliM  tlaaa  that  taken  from  the  icaond  lerel  [60  feet  deep].  The  atunp- 
woTk,  at  pnMnt  jialde  abont  T  pei  cent.  •  »  •  Fiom  ntrj  bonoh  of  or* 
containing  30  torn  thara  are  taken  t  torn  of  whatia  railed  bairel-woik,  jdaUlng 
40  par  cent  of  copper,  and  the  addition  of  tho  maaaea  at  60  pei  cent,  will  mak* 
the  anraga  yield  of  the  contenti  entiro  not  fat  tram  9|  per  oent." 

Form  ft  WamntT,  Rmrt  on  Oc  Otolom  of  tAc  La/tt  Smerior  Land 
Dutrktti.f.  132. 
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in  masses  of  many  hundred-weight,  and  at  times — 
though  less  frequently, — of  several  tons,  each.  The 
largest  bodies  of  metal, — ^which  are  most  numerous  in 
the  south-western  (lower)  part  of  the  tode^^-^endoee^ 
however,  considerable  quantities  of  vein-stone. 

(c.)  The  aif  mine  (Tabk  X/ZJ— immediately 
north-east  of  the  North  American  **  location,'* — ^was, 
in  1845,  opened  beneath  the  precipice  f  of  crystalline 
(greenstone),  hornblende  labradorite,  and  chlorite;  j: 
and — ^having  been  continuously  worked  ever  since — ^is 
now  (1865)  one  hundred  and  thirty  fathoms  deep.§ 
The  crystalline  mass  is  conformably  underlaid  by  trap- 
rocks  ;  of,  perhaps,  much  the  same  composition,!!  bat 
generally  of  granular,  and  frequently  also  of  amyg- 
daloidal,  ^  structure.  The  varieties  alternate  **  in 
somewhat  ill-defined  layers  of  unequal  thickness ;  all. 


*  **  At  180  feet  below  the  eurfkee,  a  sheet  of  native  oopper,  one  foot  in  diameter, 
was  Men  to  oeoupy  the  foot  wall,  and  to  extend  from  the  bottom  to  the  top  of  Uie 
gallerj.  The  other  portion  of  the  yein,  one  foot  in  thiekneia,  was  oompoeed  of 
cale-spar,  quarts,  chlorite,  and  epidote,  filled  with  small  spangles  of  oopper.** 

F08TB& ft  WHimsT,  jR^porionthe  CMogwofth$ Lake  SmeriorLtmi 
Dittriet,  z.  p.  182,  K  IX. 

t  iWrf,  I.  PI  VIIL:  u.  pp.  87—8. 

X  Anie,  pp.  898^9. 

I  iimmff  Jcumal  (2nd  September,  1865),  xzzv.  p.  567. 

I  Whitney,  MeUOiic  Wealth  of  the  United  Statee,  p.  258.  Bitot,  Annalee  dee 
Mine$f  5me  S6rie,  til  p.  225.    Ante,  pp.  898—402. 

IF "  The  soolitie  minerals,  so  common  in  the  Teins,  and  often  filling  the  amyg- 
daloidal  eatities  of  the  trap,  do  not  appear  to  form  an  essential  ingredient  of 
the  compact  trappean  rocks."— *Fobtb&  ft  WKinnrr,  Report  on  the  CMoffp  of 
the  Lake  Superior  Land  Dittriet,  u.  p.  90. 

**  **  At  the  foot  of  the  blnff  «  «  •  lies  a  fine-grained  trap-rock,  through 
which  ran  nnmeroos  and  parallel  belts  of  amygdaloid,  Tarying  in  thickness  firom 
8  to  12  feet."— Ifinift^  Journal  (2nd  Sept.,  1865),  ZUT.  p.  567. 
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however,  dipping  25'— 30"»  N.— N.W.  The  im- 
bedded  minerals  are,  generally,  either  calcareous-spar, 
chlorite,  felspar-clay,  hornblendic  matter,  or  prehnite; 
but  neither  Laumonite,  zeolite,  nor  native  copper  is 
nncommon.f 

The  only  lode  yet  discovered  bears  about  2r  W*  of 
N. — ^E.  of  S.,  dips  70^—85°  E.,— and— varying  from 
an  inch  to  five  feet, — averages  from  fifteen  to  eighteen 
inches,  in  width •:{: 

The  principal  earthy  ingredients  §  are  quartz,  cal- 


«  Whitney,  MetaUic  WeaUh  of  the  United  Staiee,  p.  277»  BiTot,  AmuUee 
dee  Mines,  5me  S6rie,  Yii.  p.  812.  Mininjf  Journal,  xxxv.  p.  567.  Table  XII, 
.  column  6. 

t  Foster  ft  Whitney,  R^^  on  the  Geology  of  the  Lake  Superior  Land  Dieiriei, 
I.  p.  138.    BlTot,  Annalee  dee  Minee,  6me  S6rie,  yii.  p.  227.    Ante,  pp.  402-8, 

t  '*  The  lode  bears  north  27**  east  feic) ;  underlie  10**  to  the  east,  ayerage 
width  18  ins."—  Jaoxsok,  FosTsa,  ft  Hill,  Report  on  the  Qedogieal  and 
Mineraloffioal  Survey  ofLande  in  Michigan,  in.  p.  7C0. 

*'  The  lode,— hardly  more  than  an  inch  or  two  wide  at  the  surface — is  about 
15  inches  wide  on  the  ayerage ;  bearing  north  27^  west,  with  an  underlie  of  10^ 
to  the  east. — Fostib  ft  Whitxcbt,  Report  on  the  Geology  of  the  Lake  Superior 
Land  Dietrict,  i.  p.  146. 

**  The  vein  is  remarkably  regular  in  its  course,  which  is  about  north  27^  west, 
and  its  underlay  is  about  lO**  to  the  east.  In  the  lower  leyels  its  dip  is  more 
Tarying,  Some  parts  of  it  expand  to  three  or  four  feet  in  width,  other  portions 
are  frfnehed  up  to  a  few  inches,  but  its  average  width  is  probably  from  15  to  18 
inches."— Whitkbt,  Metallic  WeaUh  of  the  United  Staiee,  p.  277. 

**  Le  seul  filon  de  Cliff-Mine  «  *  *  est  dirig6  N.  27^  O.  *  *  *  TL  plonge 
▼ere  I'est  sous  un  angle  de  75**  k  85* ;  sa  puissance  est  trds-yariable ;  eUe  atteint 
2  mdtres  et  m^me  3  metres  aux  renflements  et  k  la  reunion  des  Teines,  et  descend 
parfois  k  Om  25." — Riyot,  Annalee  dee  Minee,  5me  S^rie,  yii.  p«  811. 

"  The  Ycin  varies  in  sise  from  1  to  5  feet,  bears  a  little  west  of  north,  and 
underlies  a  little  east." — Mining  Journal,  xxxy.  p.  667. 

S  '*  The  veinstone  is  composed  of  several  gangues ;  drusy  quarts,  oalo  spar, 
chlorite,  and  prehnite  predominate." — Jacksov,  Fobtbs,  ft  Hill,  Report  on  the 
Geological  and  Mineralogical  Survey  of  Lands  in  Michigan,  lu.  p.  761. 

"  Near  the  surface  the  gangue  was  mostly  prehnite,  *  •  *  Further  down 
the  veinstone  consisted  of  a  series  of  reticulations  of  laumonite;  [and  at  still 

M  M  M 
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careous  spar,  chlorite,  and  prehnite ;  but  Laumonite, 
zeolite,  and  felspar-clay  are  less  plentifiil ;  and  epidote 
exists  in  yet  smaller  proportion.  All  these  often  occur 
intimately  mixed ;  but  sometimes  particular  minerab 
are  associated  with  certain  others  only ;  and  less  fre- 
quently one  or  another  is  segregated  **  from  the  rest.  Of 
the  quartz,  when  thus  separate,  considerable  portions 
are,  at  the  same  time,  of  both  cellular  and  crystalline 
structurcf  Masses  of  trap — simply  granular  in  some, 
but  amygdaloidal  in  other,  places,  yet  always  resem- 
bling the  neigbouring  (Country)  rock — are  frequently 
enveloped  in  the  veinstone.  Some  of  these  (Horses) 
are  of  such  dimensions  that  they  rather  split  the  lade 
into  hranches^X  than  form  integrant  parts  of  it ;  others 
however,   are  so   small,   that  they   are   thoroughly 


greater  depthB  of]  dmsy  quarts,  oaletpar,  Uumonito, prelinito,  and  dilotite." 
FoBTia  &  WBinrBT,  RtpoH  on  iht  Choihg^  itf  th§  Lak$  Supmrior  Lmi 
DiMtriei,  x.  pp.  128»  146. 

The  yeiiwtotte  is  principally  quarts,  ealo,  spar,  and  tlio  seotitie  minerals,  and 
is  oharaoterised  by  an  abundance  of  ilnely-crystaUised  minerals,  of  wUeli  dmsy 
quarts  is  the  most  common  {  it  is  associated  with  apophyllito,  prehnite,  and  cale- 
spar,  in  various  crystalline  forms.'* 

Whxtrbt,  MetaOk  Weaiih  of  the  UnUed  SUtUe.  p.  277. 

*'  La  gangue  est  compost  de  quarts,  chlorite,  calcaire  et  de  matite  rDugSf 
prisentant  toutes  lea  varidt^  de  disposition.  ♦  •  •  Les  Teinules  de  laumonite 
et  d'^pidote  sent  astes  friquentes,  et  les  g€odes,  qui  se  trouTont  asses  souTsnt 
dans  les  parties  puissantes  du  filon,  sent  remplies  par  I'argile  et  tapisste  de 
tr^s-beaux  cristaux  de  quarts,  d'analeime,  de  baryto  sulfate,  de  prehnite  et 
mdme  de  ouivre  natit" — ^Biyot,  Atmaies  dea  Mme$,6mt  S^rie,  tix.  p.  811. 

•  Sedgwick,  ProceetUnfft  of  the  Qeoh^ieal  Sooiefy,  i.  p.  288. 

t  AnUt  p.  420. 

t  Boase,  Primary  Oeoiogy,  p.  179.  Burr,  Mining  RevieWt  iii.  (1836)  p.  227. 
Henwood,  Edinburgh  New  PhiL  Journal,  xxn.  pp.  166,  166 ;  Comwali  OeoL 
Trane.,  v.  pp.  210^12.  Fox,  Report  of  the  Boyal  Cornwall  Pofyteehnic  Sodetg, 
IV.  (1836)  pp,  99, 124.  Ante,  pp.  20,  23,  181, 191,-3,-4,  261-9,  312,-17,-28, 
881. 
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penetrated  and  pervaded*  by  its  caleareo-siliceous 
constituents.  The  adjoining  amygdaloid,  on  the  con- 
trary, includes  nodules  of  many  different  vein-stones. 
Longitudinal  joints  occasionally  divide  the  lode  into 
(Combs)  slices  ;t  each  of  which — from  some  pecu- 
liarity in  the  nature,  proportion,  or  disposition  of  its 
ingredients — possesses,  commonly,  a  character  of  its 
own. 

Every  part  of  the  lode  yet  seen  has  contained  native 
copper;:]:    mostly   in   (Stamp-work^)   particles  and 

*  Fox,  Report  of  the  Royal  CormoaU  Pofyteehnio  Society,  rr.  p.  99.  Henwood» 
CormeaU  Geol  Trane.  t.  pp.  211—12;  Anio,  pp.  194,  250,  312,  381. 

t "  In  tbe  Clf^  Tein,  there  are  two  eombe." — ^FosTia  &  Whitnxt,  Report 
an  the  Geology  <^  the  Lake  Superior  Land  Dietriet,  x.  p.  172. 

X  **  The  oopper  oecors  here,  as  in  tome  other  minee  of  thie  region,  in  massea 
of  great  sise,  from  a  few  hundred  pounds  up  to  nearly  one  hundred  tons,  and 
the  rein  is  not  only  rich  in  these,  but  also  furnishes  a  large  quantity  of  stamp- 
work,  containing  an  unusually  high  percentage  of  copper." 

Whitxbt,  Metallic  Wealth  of  the  United  Staiee,  p.  278. 

}  "  StemiMoorifc— which  forms  a  large  part  of  CTery  yein — ^is  prepared  [for  the 

Mtan^nnff-miU]  by  being  calcined  and  broken  into  smaU  fragments.  The  roasting 

is  effected  in  the  open  air.    The  rock  is  arranged  in  alternate  layers  with  billets 

of  wood,  and  then  iired,  and  allowed  to  smoulder  for  forty-eight  hours.    Care 

has  to  be  taken  to  distribute  the  heat  as  uniformly  as  possible,  and  not  to  allow 

any  part  of  the  copper  to  become  fused  and  oxidized,  as  a  loss  would  thus  ensue." 

FoBTBS  ft  Whitmbt,  Report  on  the  Geology  of  the  Lake  St^terior  Land 
Dittriett  i.  p.  183.  Whitvbt,  MOallie  Wealth  of  the  United  Statee, 
p.  261. 

Jackson,  Report  on  the  Qeologieal  and  Mineralogioal  Survey  of  Lands  in 
Michigan,  iii.  p.  468. 

"  La  gangue  contient  une  forte  proportion  de  cuirre  en  petits  grains,  et  rend 
jusq*  jt  5  p.  100  de  mdtal  k  la  preparation  m^chanique." 

BiTot,  Annales  dee  Mines,  5me  S^rie,  Yix.  p.  311. 

Whitney,  MetaUie  Wealth  of  the  United  States,  p.  278. 

**  As  the  country  becomes  settled,  and  the  price  of  labor  falls,  and  greater 
method  is  introduced  into  the  works,  a  rock  containing  a  smaller  percentage  of 
copper  may  be  profitably  worked."— Fobtbr  &  Wuitnby,  R^ort  on  the  Geology 
of  the  Lake  Sugmior  Land  District,  x.  p.  183. 

**  Throughout  this  district  the  stamp-head  is  always  shod,  so  that  instead  of 
using  the  heads  until  they  are  worn  light  enough  to  be  of  little  service,  as  soon 


t» 


»• 
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grains,  but  frequently  also  in  (BarreUworh*^  lumps 

as  the  shoe  is  worn  the  htad  is  taken  out,  and  the  old  shoe  is  replaced  hy  a  new 
one,  the  whole  oocnpying  but  a  few  minntes.  The  9tamp9  are  stopped  twice  a 
day  to  clean  out  the  copper  that  aceumnlates  under  the  head»»  The  holes  in  the 
groUM  are  not  less  than  \  inch  in  diameter.  %  m  %  The  quantity  [of  Tein-stone] 
stamped  monthly  is  about  1600  tons  •  «  •  and  the  weight  of  copper  extracted 
firom  it  is  about  SO  tons.  [2  per  cent]  «  •  «  The  cost  of  orushlng  and  treat- 
ment is  only  115  cents  (  four  shillings  and  nine  pence  half-penny)  per  ton  of  [stone] 
dirt."»lfmtii^  Jcumal,  xxxt.  p.  567. 

At  the  Northwett  mine,  during  the  second  quarter  of  1863,  1296*52  {Avoir. J 
tons  of  Siamp-^oork  afforded  17*72  tons  (0*0136  iu  weight)  of  copper;  or  30*66 
lbs.  per  ton  of  win  slofw. 

**  After  the  mine  had  been  laid  open  [by  shafts,  levels,  and  trapisw]  the  cost, 
of  extracting  the  SianyMoork,  and  of  all  the  operations  necessary  for  preparing 
the  copper  for  the  market  was  "  j,  ^ 

^JS^^^'f?!!^'!!^!!--  2^*"»"    (*   4  8tg.)4Ptonofstone. 

Raising  to  the  surface 26  cents  ..(11        ) 

BoasUng  (fuel,  carriage )  . ,  -  ,,    «-       ^ 

andlabour)  J'  **  ** "    --VlSl      ; 

Stamping,  dreetingt  and )      .  ...»  .-    ,i      ^ 

repairs  of  machinery . .  j'         "  "    *'^       *      '  " 

4  dollars  42  cents. (18   6  „   )  ,» 

PSTHBBICK  (Whitmbt*8),  MetolUe  WeaUh  of  the  Untied  StaUe,  p.  271. 

At  the  Copper  FaUe  mine  two  etamp-heade  which  weighed  2200  lbs.  each,  were 
lifted  two  feet,  and  made  some  seventy  blows  per  minute,  crushed  in  246*0  days 
(1859—60)  16676  (Avoir.)  tons  of  vein-etone;  a  rate  which— yarying  from 
27*01  to  36  20— averaged  33*67  tons  (76188  lbs.)  per  head  in  twenty-four  hours. 
The  quantity  of  copper  extracted  was  17*98  tons  (0'00108  iU  weight) ;  or  2i'3 
lbs.  per  ton  of  vein'Stone. 

During  the  same  period  s.  d. 

The  exploratory  works  (shafts,  I  i  cost  on  an  I  . .  ^^^..  ,,  -^  o*^  v  C  4P  ton  of 

leveli,  unnxee.  &c.)  ........  U  ayerage. .  J  **  "^**  (^  ^^  ®*8-)  {    stone. 

Extracting  (etoping)  the  veitheUme        „  07*5  „       4    Of 

BaUing  to  the  surface „  H     h       0    5} 

Preparation  for,  ft  conveyance  >  q^..  ^     .. 

to.thestomjM \  '»  *"  ^ "       ^    *♦ 

Stamping,dlrf9stii^,  and  repairs  )  ^f.  .     . 

of  machinery J  "  ^^    *'        *     * 

Carriage  to  the  wharf,  shipping- >  ».^  a    q« 

charges,&e $  "  '^"       **    ^«  " 

Agencies,  ft  incidental  expenses.  „  26*5,,        1    Of  » 

3  dollars  64  cenU  (15    2)  „ 

William  Pbtheiucx,  Esq.,  Superintendent  of  the  Mines,  tf  SS. 
«  "  The  pieces  which  are  raised  to  30  per  cent,  of  metal  by  beating  o£f  the  rock 


tf 
I* 

ft 
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of  several  pounds,  and  at  times  in  (Masses^)  bodies 


an  pMked  in  barrels,  and  called  Barr9l^¥Ktrk" — Jackson,  Report  on  the 
G^oloffical  and  Mineralojfieal  Survey  of  Land»  in  Michigan,  iii.  p.  46S. 

'  **£mr^^work  it  the  name  given  to  the  smaller  masaea  of  copper,  which  are 
too  large  to  go  under  the  Hampe,  and  too  small  to  be  shipped  separately.  It 
ineliidea  masses  of  copper  in  bonohes  and  string-like  forms,  which  are  firmly 
bound  together  with  a  greater  or  less  amount  of  the  Teinstone,  and  weighing 
from  a  few  pounds  up  to  ssTcral  hundred.  These  smaller  masses  are  dressed  by 
U&e  haimner,  to  free  them  as  much  as  possible  from  the  adhering  rock,  and  bar- 
rellod  up  in  stout  casks  which  hold  from  five  to  eight  hundred  pounds  of  metal 
and  rock.  «  •  •  The  barrel^work  at  the  CU^va!ta»  is  estimated  at  60  per  cent. 
of  pure  copper. —  FosTBai  ft  WHrnrnr,  Report  on  the  Geology  of  the  Lake 
St^erior  Land  Dietnet^  u  p.  182. 

Whitney,  MetaXUc  WeaUh  of  the  United  Staiee,  p.  261.  lUvot,  Annalea  dee 
Minee^  5me  S^rie,  YXI.  p.  288. 

*  **  When  a  large  sheet  of  copper  occurs  in  the  vein,  the  rock  is  removed  from 
one  side  of  it,  and  it  is  thrown  down  by  means  of  a  eandriiUui»»  Masses  have 
been  detached  from  the  vein  which  were  estimated  to  weigh  60  or  70  tons,  mostly 
of  solid  copper,  in  an  irregular,  flattened,  tabular  shape,  now  expanding  to  a 
width  of  from  2  to  3  feet,  and  then  contracting  to  a  few  inches,  but  firmly  united. 
Of  course  «  «  •  it  is  important  that  as  little  of  the  process  of  subdivision  as 
possible  should  be  done  underground,  since  the  operation  impedes  the  work  of  the 
mine  and  is  less  conveniently  executed  in  a  confined  space  %  %  4i  where  the 
mass  cannot  be  readily  moved.  %  %  %  The  process  of  dividing  the  masses,  at 
present  is  as  follows,  and  is  the  same  whether  above  and  below  the  surface.  A 
groove  is  cut  diagonally  through  the  mass,  at  a  convenient  point,  where  the  copper 
is  very  pure  and  the  thickness  comparatively  small.  To  effect  this,  one  person 
guides  a  chisel  about  three-quarters  of  an  inch  in  width,^  and  another  strikes 
it  with  a  heavy  sledge,  %  %  *  until  at  last  a  chip  e  of  copper  is  taken  out  several 
inches  in  length,  ^t  %  %  It  the  copper  be  perfectly  pure,  the  operation  pro- 
ceeds rapidly ;  but  when  quartsose  matter  intervenes,  the  labor  is  more  tedious. 
m  m  1i  When  the  masses  have  been  brought  to  the  surface,  they  are  still  Airther 
subdivided,  if  necessary,  into  pieces  varying  from  one  to  two  tons — such  may  be 
conveniently  transported  to  the  lake,  whence  they  are  shipped  to  market" 

FoBTBB  &  Whitnbt,  Beport  on  the  Geology  of  the  Lake  Siq)erior  Land 
Dietriet^  z.  p.  182. 

*'  L'abatage  des  grandes  masses  est  asses  complexe :  on  commence  par  le  d6- 


a  **  A  small  drift  is  driven  for  a  Sew  tethoms  behind  the  vela,  and  Mveral— in  some 
fifty— as  lb.  ksBB  of  powdar  are  pat  in,  cloiely  covsred  witli  fine  dirt,  and  fired ;  this  is  termed 
8tmd'UatHngJ*''MhUng  Jommat,  zxxv.  p.  667. 

•  "The  chlssis  an  about  i  of  an  ineh  In  width." 

Whztxxt,  MetoXtte  WeaUh  ^f  the  UnUtd  StaUt,  p.  teo. 

**  Lsi  raionres  ont  S  csntlm^ties  (0-78  inch)  de  laive." 

RivoT,  AmudeB  dei  Minei,  6me  Steie,  vn.  p.  98fi. 

e  "  Copper  ehipt  emmpla  to  abont  two-thirds  the  [length  of]  the  surface  from  which  they 
si«  cot.  At  the  (7I(^  mine  a  copper  chip  some  thirty  inches  in  length  was  cut  f^m  a  mass 
which  had  been  brought  to  the  surface«"'XaAs  Superior  Miner,  xi.  (1st  August,  1867)  p.  9. 
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of  many  tons  each.    Some  of  the  largest  consisty  here 
and  there,  of  parallel  sheets ;  varying — from  a  fraction 


gager  au  toU  et  au  mur,  en  ne  laisMUt  de  ce  cM  qu*iiii  Tide  pea  large  du  c6t£ 
dtt  mur,  8i  let  dimensions  en  hauteur  ne  sont  pas  trop  grandes,  on  fait  tombcf 
la  masse  d*un  seul  morceau  sur  le  niveau  inft^rieur  au  moyen  de  barils  de  poudre 
plac^  derri^re.  Si  au  contraire  la  masse  de  euiYre  a'^tend  d'un  niveaa  k  rautre, 
on  la  dlTise  au  daeau  en  grands  moroeaux  qu'on  pulMe  d^tmeher  d'one  pi^oe,  et 
en  choisissant  pour  les  lines  de  division  les  points  les  moins  ^paie*  On  fait  en- 
auite  tomber  k  la  poudre  les  morceauz  ooupfis  sueoeasiTeDaentf  en  eommen^t 
par  la  partie  sup^rienre.  Une  fois  la  masse  ou  ses  grands  moiroeaiUE  abattus  sor 
le  sol  d*un  niTsau,  on  les  coupe  en  fragments  dont  le  poids  Tarie  de  1  &  2  tonnes: 
la  seotion  est  (kite  au  ciseau,  en  pratiquant  des  rainoree  par  renldvement  de 
copeauz.  On  place  les  fragments  sur  des  charlotSi  et  on  roole  snr  ebemins  de 
fer  Jusqu*au  pnito  spteial  destin^  k  TenliTement  dee  mmateB,  et  moai  d'an 
eabestan  k  deux  ou  quatre  cheraux." 

RiYOT,  AnnaUt  dea  Muim,  6me  SMe,  ra.  pp.  2S4— 6. 

Jackson,  lUpoH  on  the  GwloffiaU  and  Mmenlogieal  Swrveif  qf  LtmdM  m 
Miekigim,  in.  p.  486.  Whitney,  MeiaOic  Weaiih  of  the  UnUed  SUUm,  pp.  260-1. 
Mimnff  Journal^  xxxv.  p.  667. 

'•  At  this  time  [1849]  the  miners  reoeiTe  10  dollars  (£2  :  1  :  8  Stg.)  per  square 
foot  of  out  surface,  measuring  on  one  side  of  the  out,  for  dividing  the  large 
masses  of  copper  into  pieces  capable  of  being  transported." 

jAGUOir,  Report  on  the  Qeologiaa  and  UinerdlogietU  Swtetf  of 
Landi  m  Miehigant  ill.  p.  486. 

<*  The  Superintendent  of  the  Copper  FaUe  mine  states  that  there  being  no  rock 
in  a  mass  of  copper  which  weighed  seren  tons,  he  was  enabled  to  cut  it  up  bj 
means  of  a  eroee'cut  saw,  at  a  cost  of  only  6  dollars  (£1 :  6  :  0)  per  square  foot 
of  cut  surface." — Ibid,  p.  487. 

**  The  cost  of  cutting  is  from  six  to  seven  dollars  (£1  :  6  :  0  to  £1  :  9  :  2  Stg.) 
per  square  foot  of  surface  cut  through* — Fo8tb&  &  Whxtnbt,  Rqtort  on  the 
Geoi^  of  the  LaheSi9>erior  Land  Diitrict,  t.  {1^0)  T^.lSl,  Wkitsist,  Metallic 
Wealth  of  the  United  States  (1864)  p.  261. 

**  Le  travaa  est  trds-long  et  eoCtte  fort  eher,  de  46  k  76  fr.  (£1 :  16  :  0  to 
£8  Stg.)  par  pied  quarr^  de  surface  coupte." 

Bitot,  Annalea  dee  Minse,  6me  S^e,  tu.  (1865)  p-  286. 

**  Copper  cutters  are  paid  fifteen  dollars  (£8  :  2 :  6  Stg.)  per  superficial  foot." 

Mining  Journal,  xxxv.  (1866)  p.  667. 

"  The  prices  now  (1866)  paid  for  cutting  copper,  are 
at  the  Mineeota  and  National  mines.  • .  •  ten  dollars  (£2  :  1 :  8)  #^  square  foot; 

I,     Clif  „      •••.tweWe     ,,(£2:10:0)  »         • 

„      FUni  SteO,  where  the  metal  I      #^„^^«.      / ^ro .  i  q  .  a\ 

U  harder  ....  f  •• '**'»^«*  w  (*2- ^^ •  *) 

•<  Three  men  take  ten  hours  to  cut  a  grooTe  nine  inches  long  and  nine  inches 

deep  with  a  three-quarter  inch  chisel." 

Captain  J.  T.  B&own,  Manager  of  the  Ontonagon  Copper  Mine,  MSS. 
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of  an  inch  to  several  inches — in  thickness,  and — from 
a  few  feet  to  many  iathoms — in  length  and  depth.  In 
various  parts  of  their  range,  however,  the  selfsame 
theetSj — are  separated  by  thin  slices  (Horses)  of  the 
different  vein-stones, — touch,  but  slightly  cohere, — and 
unite  to  form  masses  of  considerable  thickness.  These 
are  mostly  of  either  fibrous  or  granular  structure ;  ** 

*  It  was  ascertained  by  Dr.  Jackson  that  the  specific  gravity 
of  a  ck^,  supposed  to  have  been  condensed  in  process  of  being  cut,  from  one  of 
the  largest  masses  found  at  a  depth  of  40  fms.  in  the  C^mine, 

was  8*8900 

of  a  crystal  from  the  C7t^  mine ..••.. »    8  9300 

of  a  slice  from  a  large  mass  at  the  CciRpsr  FaiZf  mine     „    8'9308 

Mean....  8*9100 

Rtport  on  CAs  Gmlogimi  and  MineroJogieal  Smrveff  of  Ltmdt  in  Miekigtmg 
III.  pp.  474 — 0. 

(a.)  Ordinary  smeltod  copper,  examined  at  differvnt  stages  in  the  process  of 
CpoUnff)  refining,  Taried  in  specific  gravity  from  8*2980  to  8-6640. 

Napibb,  London^  Bdinburyk,  and  DubUn  PhO,  Moff.  4ih  Series 
(1868),  T.  pp.  489—90. 

{a — 1.)  **  The  specific  gravity  of  electrotype  copper,  melted  under  charcoal  and 
treated  in  Tarions  ways,  is  shown  in  the  following  table ;— 

„    in  a  mould  containing  charcoal  enough  to  "> 

cover  the  snrface  and  exelnde  all  action  of  >    ••      „    8*9220  „  8*9620 
the  air 3 

Poured  through  a  current  of  coal-gas  which  en- 1  co^on      a.ojcQA 

tered  and  fiUed  a  covered  mould \    "*      "    8»4»0„  89080 

DiOK,  Londbfh  Edinburgh^  andDubOn  PhiL  Mag.^  4th  Seriee, 
(1866)  XI.  pp.  424—6.    Pbbot,  MMtturgy^  i,  p.  286. 

"  The  difference  occasioned  by  pouring  the  metal  through  an  oxidising  me- 
dium like  atmospheric  air,  or  a  reducing  one  like  coal  gas,  was  observed  many 
times;  and  it  was  found  easy  •  •  *  to  cast  from  the  same  crucible  one  ingot 
of  copper  which  should  be  porous  and,  immediately  afterwards,  another  which 
should  be  perfectly  free  from  porosity.  •  •  *  . 
*'  Steam  *  «  *  exerts  neither  an  oxidising  nor  a  reducing  action." 

Pick,  London^  BdMuiyh,  and  DMin  PhiL  Maa.,  4th  Series, 
XI.  p.  428.    Pbbot,  MetaOuiyy,  i.  pp.  267,  277. 

(a — 2.)  Copper  precipitated  frwn  a  solution  of  the  sulphate  of  copper  (cement- 
copper)  and  melted  under  common  salt,  varied  in  a  specific  gravity  from 
8*8860  to  8*9070.  Specimens  subjected  to  the  pressure  of  suitable  appara- 
tus underwent  the  following  changes ; — 
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but  some  of  the  largest  and  richest  contain  (vttghs) 


Spwlfle  gfttTity  PresMra.  Bpcciflc  gmvity  ^    »•*!•. 

Iwfora  \y».(  Avoir.)  tfter  UneoinpretMa 


eoropreMion.         per  iquare  inch.         compreMUm.  metal  i»  1' 

8-8910  10018  8-9220  1003487 

8-8990  „  8-9190  1-002247 

88850  150-20  8*9280  1-004840 

8-9070  300-40  8*9310  1-002696 

HA&OHAirD'&  SoHBBRBa— Pbrcy,  U^tdOurgy,  u  pp.  284 — 6  (abridged). 

(6.)  "The  following  arc  the  appearances  which  copper  in  dMferent  stages  of 
poling  has  under  the  microscope  ;— 
Ist.  Ready  for  poling.    Bed-brown  colour,  yitrifted,  sandy  fracture.    Sp.  gr. 

8-491. 
2nd.  Slightly  |wJ^   Colour  redder  than  the  last,  sandy  fracture,  a  less^tre- 

ous  appearance.    Sp.  gr.  8*626  • 
3rd.  Colour  lighter  with  more  lustre,  future  hard,  not  sandy  but  litreous. 

Sp.gr.  8-481. 
4th.  Longer  jwtef.    Colour  brighter,  with  more  metallic  lastre,  less  liireous, 

and  having  minute  caTities.    Sp.  gr.  8-397* 
5th.  Near  to  ttrngh  pUeh.    Colour  still  brighter,  fracture  talk  of  minute 
carities  as  if  the  metal  had  m<  whilst  gas  was  escaping,  alighUy  Titreous. 
Sp.  gr,  8-582. 
6th.  Tough  pitch.    Colour  very  bright,  lustre  meUllic,  the  cavities  seemed 
collapsed,  giving  a  fracture  resembling  a  honey-oomb,  strongly  compressed. 
Sp.  gr,  8'664. 
7th.  A  little  overpdUd,    The  collapsed  cells  extended ;  some  of  the  cavities 

oval,  as  if  a  gas  had  escaped.    Sp.  gr.  8-594 • 
8th.  Further  cv^rpoML    Full  of  cavities,  fracture  crystaUina  and  vitreous. 

Sp.  gr.  8-518. 
9th.  Much  overpoled.  Yetj  hard  and  vitreous,  fracture  like  a  crystalline  net- 
work.   Sp.  gr.  8*298. 
**  These  appearances  seem  to  indicate  the  changes  going  on  within  the  metal 
during  poUng,  and  the  specific  gravity  of  each  corresponds  with  its  appearance. 
Napibr,  London,  Edinburgh,  and  DubHn  PhU.  Mag,,  4th  Series, 
T.  pp.  489—90  (abridged). 
"  When  copper  at  tough  pitch  is  cast  Into  a  narrow  open  ingot  mould  *  *  * 
and  the  ingot  is  broken  in  two  cold,  its  fractured  surface  is  even,  close-grained, 
f^ee  from  fibres  or  cavities,  presenting,  especially  towards  the  centre,  numerous 
shining  grains  of  bright  metallic  lustre.*'— Pbbot,  MetaUurgy,  i.  p.  266. 

*'  When  tough  pitch  copper  is  kept  melted  under  charcoal  during  a  sufBcfent 
time,  and  is  then  laded  into  a  narrow  open  mould  *  *  *  it  is  more  or  less 
brittle,  so  that  the  ingot  may  be  easily  broken.  Its  fractured  surface  is  more 
uneven  than  that  of  tough  pitch  copper,  and  it  appears  fibrous  throughout." 

Ibid,  p.  268. 

«  Copper  from  different  works  may  differ  a  little  in  the  diameter  of  the  eeUB, 

and  consequently  in  the  number  contained,  but  the  general  range  seems  to  be 
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cavities,  lined  with  crystalline  facets,  more  frequently 
than  with  perfect  crystals,  of  copper ;  encrusted,  now 
and  then,  with  quartz,  calcareous-spar,  and  other  earthy- 
substances.*  Such  portions  of  the  vein-stones  as  adjoin. 


from  600  to  1000  in  the  linear  inch.  •  «  «  The  partition!  between  the  cells 
are  so  thin  that  there  leem  to  be  openings  from  each  one  to  its  snrronnding  oells ; 
so  tliai— as  in  sUver— there  is  an  internal  oommunication  throughout  the  entire 
mass."^yiTiAir,  Eiport  of  the  BriUth  Auociation  (1861),  Part  ii.  p.  35. 

**  When  melted  copper  is  oxidised  by  exposure  to  the  air,  «  •  «  the  oxide 
fonncd  is  dissolTed  in  tiie  metal." 

Kapibb,  London^  EdMwyh,  and  DubUn  PhiL  Uag.^  4th  Series,  t.  p.  287. 

"  Copper  in  a  state  of  fhsion  has  the  property  of  dissolying  dioxide  of  copper 
to  a  considerable  extent.  When  it  contains  this  oxide  to  the  maximum,  it  is 
technically  called  diry  copper.  «  •  •  An  ingot  of  copper  in  its  drioti  state 
♦  •  •  eontained  from  9*84  to  10*21  per  cent,  of  dioxide." 

Faiunr,  MotaUutgyt  i.  pp.  264 — 5. 

'*  The  highest  amount  of  dioxide  detected  [in  tough  pitch  copper]  was  2*96 
per  ee»L"— iMd;  p.  266. 

(5 — 1.)  <*  Electro-deposited  copper  shows,  under  the  microscope,  no  trace  of 
Tesienlar  structure." — Jaxbs  NAPiaai  Esq.,  of  Glasgow,  MSS. 

'<  The  copper  precipitated  from  mineral  water,  on  scraps  of  wrought  iron  and 
shreds  of  tin-plate,  near  the  mouth  of  the  Gw^nnap  Adit  in  Cornwall  ( Com, 
Geolm  IVoMs.  ▼.  pp.  89*y  422 — 3),  at  the  Pary$  and  Mona  mines  in  Anglesea 
(Afmalei  des  Mina,  xiii.  (1826)  pp.  229 — 35),  and  at  Oroneba$ie,  BaUygahan^ 
BaOgwfuriaghf  and  Comiorrec  in  Wicklow  (Records  of  the  School  ofMrneSp  i.  p. 
378),  as  well  as  the  native  copper  of  this  country,  of  South  America,  and  of 
Cuba,  is  slightly  mixed  with  particles  of  ruby-copper,  and  mostly  crystalline; 
but  of  Tcsicular  structure  it  shows  no  trace. 

<*  The  natiTC  copper  of  Lake  Superior  is  sometimes  thinly  iuTested  with  ruby- 
copper,  at  the  surface ;  but  never  at  greater  depths.  The  extremities  of  the 
larger  masses  are  here  and  there  crystalline;  but  their  internal  structure  is 
always  granular  or  fibrous." 

William  YiriAir,  Esq.,  Manager  of  the  Porys  Mine,  MSS. 

The  foregoing  comparisons  are — ^in  a  theoretical  point  of  ▼iew'-highly  sugges- 
tive. 

According  to  M.  Gustavus  Rose,  molten  gold  is  of  higher  specific  gravity  than 
native  go\d»^Annaie»  dee  Ifmet,  8me  S^rie,  v.  p.  168.    Ante^  p.  836,  Note  ||. 

*  ''At  the  Cliff  and  North  American  mines  perfect  crystals  of  copper  occur 
only  in  the  cavities  of  the  matrix." — Fobtba  &  Whitmbt,  Rqaort  on  Me  Qeology 
of  the  Lake  Svq^erior  Land  Dietrict,  i.  p.  173. 

"  The  finest  crystals  which  we  have  obtained  were  from  the  Cliff  mine,  where 
they  are  frequently  thrown  out  with  the  gangue,  which  is  generally,  where  the 
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and  are  encompassed  by,  these  ample  sheets  and  heavy 
masses,  are  interlaced  with  filaments,  threads,  and — 
so  to  speak — thick,  crooked,  gnarled  branches,  often 
studded  with  granules,  scales,  and  crystals,*  of  native 
copper.  But  much  as  various  parts  of  the  earthy 
matrix  may  differ  in  composition,  as  long  as  they 
maintain  an  uniformly  compact  structure,  the  threads 
of  metal  with  which  they  are  reticulated  preserve 
the  same  character.  In  regularly  crystallized  vein- 
stones, however,  the  copper  mostly  follows  the  faces 
of  crystallization ;  f    though   sometimes   it   ramifies 

eopper  ocean  crystallixed,  drusy  quarts  associated  with  calcareous  spar.  These 
crystals  are  generally  tetrahezidiedra ;  the  largest  which  we  hare  is  one-fourth 
of  an  inch  in  diameter,  «  «  «  The  crystals,  howeyer,  are  rarely  perfect,  being 
almost  always  much  distorted;  and,  often,  only  one  or  two  orystalline  planes 
are  to  he  recognised  on  the  extremity  of  a  shapeless,  elongated  mass.  We  hsTo 
seen,  from  the  Cliff  and  Copper  Falls  mines,  octohedral  crystals,  some  of  which 
were  nearly  an  inch  in  diameter ;  cnbieal  crystals  also  occur  at  the  last  named 
locality."— FOBTBB  &  Whitnbt,  JUpoH  on  tht  Geology  of  the  Lake  Si^perior 
Land  Dittriet,  n.  p.  99. 

'<  Lea  grandes  masses  de  cuiTre  eontiennent  des  noyaux  de  toutes  ^menslonB, 
de  la  gangue  des  filons,  da  caloaire  spathique  m61ang6  avec  du  quarts,  da  feld- 
spath,  et  des  fragments  de  trapp  non  alt6r^." 

Bitot,  Annalet  de$  Mines,5me  SMe,  ru,  p.  260. 

*  "  But  few  good  crystals  have  come  into  our  possession,  as  they  are  highly 
valued  by  those  interested  in  the  mines,  and  of  coarse  difficult  to  be  obtained." 
FoBTBB  &  Wbitnbt,  lUpoTt  On  the  Geology  of  the  Lake  Stqferior  Land 
Dietrict,  II.  p.  99. 
i  The  miner— as  well  abroad  as  at  home^considert  eyery  rare  and  beautiful 
mineral  he  may  discoTer  as  his  own  peculiar  priyilege ;  and  accordingly  appro- 
priates it  at  ottoe.  Crystals  of  native  copper,  and  specimens  of  Tiigin  sflyer  are, 
therefore,  unobtainable  at  the  mines  or  in  the  neighbouring  villages ;  but  in  the 
collections  of  most  English  mineral-dealers,  both  are  abundant* 

t "  We  find  copper  deposited  in  thin  plates  between  the  Joints  of  crystallised 
quarts."— FoBTBB  &  Whitmbt,  Report  on  the  Geology  of  the  Lake  Sup^ior  Land 
Dieiriet,  i.  p.  178. 

**  A  compound  group  of  twin-crystals  [of  copper]  lay  within  a  crystal  of  trans- 
parent  calo-spar ;  the  individuals  of  which  had  assumed,  in  reference  to  the  mtia 
stem,  the  angle  of  the  rhombohedral  crystal  in  which  Uiey  were  enclosed." 

Ibid,  xi.  p.  ^^' 
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through,*  and  occaBionally  it  envelopes^f  perfect  crys- 
tals of  various  earthy  minerals.  Slickensides — ^some- 
times  simply  polished,  but  more  frequently  grooved 
with  either  straight  and  parallel,  or  curved,  crooked, 
and  divergent  strise,;}: — are  numerous  in  both  the  stony 
and  the  metallic  ingredients.  But  on  opposite  sides  of 
a  longitudinal  joint  in  the  hdej  both  the  character  of 
the  matrix  and  the  disposition  of  the  metal  are  often 
materially  different;  the  lower,  or  western,  portion 
containing  the  (Masses)  largest  bodies,  the  upper, 
or  eastern,  small  nuggets^  and  particles  (Barrel  and 
Slamp'WorA)  only ;  §   yet  Masses  occupy  the  entire 


"  At  the  Cliff  mine  native  copper  was  found  impressed  with  crystals  of  prehnite» 
of  calo  spar,  and  of  quarts." 

Jaoxsoit,  lUport  on  the  OeologictU  and  Mineralofficai  Survey  of  LtnuU 
in  Michigan^  in.  p.  407* 

*  '*  We  find  small  specks  of  copper  enclosed  in  obtuse  rhomboidal  crystals  of 
calc-spar,  variously  modified." 

FoflTBS  8l  Whitmit,  Report  on  the  Oeohffif  of  the  Lake  Sugperior  Land 

Dietriet,  u  p.  173. 

**  Crystals  of  analcime  occur  %  %  %  completely  filled,  throughout  their  whole 

interior^  with  delicate  ramifications  of  metallic  copper,  so  that,  if  the  silicious 

material  were  dissolved  out,  the  form  of  the  crystal  would  still  be  recognised  by 

the  mass  of  metallic  matter  remaining.  "^/&iJ,  ii.  p.  99. 

t*'  At  the  Copper  Falls  mine  «  «  «  we  find  native  copper  deposited  around 
CTystals  of  analcime  and  calc-spar,  taking  the  form  of  the  faces  of  the  crystals, 
every  line  and  wave  being  faithfully  represented,  as  in  the  electrotype  process.** 

Jbid,  I.  p.  173. 

X  Foster  &  Whitney,  Report  on  the  Oeohgy  of  the  Lake  Superior  Land  District, 
I.  p.  168.    Whitney,  Metallic  Wealth  of  the  United  States,  p.  260. 

Henwood,  Edinburgh  New  Phil.  Journal,  xui.  p.  161 ;  ComuKdl  GeoL  Drane., 
▼.  pp.  63,  172,^81 ;  Ante,  p.  13,  Fig.  2. 

i  **  In  the  CUff  mine,  there  are  ti^^o  combs— that  attached  to  the  foot  wall 
containing  most  of  the  masses,  while  the  other  carries  disseminated  copper." 
FosTBR  &  Whitnbt.  Report  on  the  Geology  qf  the  Lake  Superior  Land 
District,  I.  p.  172. 

"  The  sheets  of  native  copper,  as  a  general  thing,  though  not  invariably, 
occupy  the  foot-wall  of  the  vein." — Jbid,  p.  172. 
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width*  in  some»  whilst  Stamp^wark  occurs  alone  in 
other,  places. 

From  1848  to  1852  the  different  qualities  of  v&n- 
stuff  were  obtained  in  the  following  quantities  and 
proportions  ;t — 

Weigh  >i,      Pnpofftiou* 
toot.  CAv»J 
Maaei,  estimated  to  contain  60  per  oent  of  copper,  2,103*64  ••  0-139 

Bantlwork^  „  50        ,»  »•  1.230-86  ••  0-081 

Stamp-work^  „  6        „  ,,         11,8X3-15  ••  0-780 

Total 16,167*04  *  •   1- 


According  to  these  estimates^  the  quantities  and  pro- 


*'  Lee  petites  masaet  sont  dans  la  matidre  arglleiiae  rouge ;  let  grandee  sont 
souYent  entourte  de  calcaire  spatliiqiie.'* 

Bivot,  AmuUei  dt  Mkm,  6me  6^e,  viz.  p^  260. 


*  *'  Sheet  copper  often  oeenpiee  the  entire  Tein/' 

FosTBE  A  WuiTNXT,  lUporionths  CMo^  of  the  ha^  S^ptrior  Ltmd 
DittriH,  I.  p.  146. 
'*  The  greatest  thickness  of  a  solid  mass  of  copper,  without  seam  or  break, 
ohsenred  by  us  was  two  feet  four  inches*    This  was  at  the  Cliff  mine*" 

Ibid,  p.  182. 

«  J'ai  TU  dans  la  ndne  des  masses  de  plus  de  2  mitres  (6  feet  6]  inches) 
d'^paisseur."— RiTOt,  AmuUei  da  Mines,  6me  86rie,  Yii.  p.  811. 

t  **  The  relative  amount  of  the  Tarious  kinds  of  mineral  raised  from  the  mine, 
for  ilTe  years  in  succession,  may  be  seen  In  the  following  table  :— 

MoMim,  Bmrrd-wwrk,  Btamp  work, 

Mtinwtad  to  contain  MtlmAted  to  contain  etttmatad  to  contain 
Teort.         00  per  cent  of  copper.  00  percent,  of  copper.  0  percent,  of  copper.  Totals. 

Tons  (ile.)  Tont(il«.)  Tonf(il«.)  Tost(il«) 

1848 640-11 217-18 1,731*87 2,48916 

1849  481*29 262*81   2,49308  3,227*09 

1860 816*98  216*32 2,743-30 8,276*60 

1861 373*39  23012 2,729*46 3,33297 

1862 391*86 314*22 2,126-44  2,83222 

■^■i^H^^MMMM  mm^mmimmmmm^  ^__^^_^B^Ba 

Totals 2,103*64        *       1. 23036  11,823,16 

Proportions..       0*139  0081  0*780 

mm^^t^^im^mm  ^mmmmtm^mmt^  BBB^_aBK>»s 

Whitkbt,  MetaOic  WeaUh  of  the  Untied  Stales,  p.  278  (Enlarged). 
As  the  navigfttion  of  Lake  Superior  is  periodically  interrupted  by  ice,  the 
produce  of  the  mines  during  winter,  does  not  reach  the  market  until  Uie  follow- 
ing  summer.    (Poatea,  p.  440.) 
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portions  of  fine  copper  were — 

in  the  Masses  ....  1,262"12  tons  (Av.).  •  0'51 1 

Barret-work.     615-17        „         ..  0-249 

Stamp-work.     69 M 6        „         ..  0*240 


9f 
99 


Total 2,468-46        „         ..   1. 


The  vein-stuff  extracted  contained,  therefore,  on  an 
average,  about  0-163  its  weight  of  copper. 

Some  8,270  square  fathoms  of  the  lode  * — obtained, 
from  1846  to  1863,  between  the  surface  and  a  depth  of 
(83*3  fathoms)  600  feet— afforded 

Iam^L     A^i  \  ®'  **"**•  "^•*^ »  ®'» ^^  *^  aTerage,  1,426  lU.  of  fine  copper  per 
is^ani  sw  wvBMj  3  square  fathom; 

which  yielded 

6.208,678  lb8.t     )  ^m  -^^  ^,„^ ,  ^  ,^i  ,, . 

As,  however,  the  lode  averaged  no  more  than  from 
fifteen  to  eighteen  inches  in  width ;;{:  the  portion 
wrought  measured — 

enble  tmu  Hm.  Ito. 

from  t,7S9in»  which  eontatncd  ftom  0,840  of  crude  metal,  and  ihla  yieldod  from  8,000  of  flna 

copper, 
10  %m'90,  „  to  0,700  »  ,  »  to  8,004      „     , 

per  fluhom. 


•  «  The  remarkable  and  uniform  ricbness  of  the  yein  may  be  Inferred  from  the 
fact,  that  no  part  of  it  is  bo  poor  aa  not  to  be  worth  taking  down,  and  so  far  as 
the  work  has  been  carried,  hardly  a  fathom  of  ground  has  been  left  standing  in 
it.  On  calculating  the  number  of  fathoms  of  the  vein  removed  in  the  drifts, 
ahaftSy  and  stopes,  I  find  it  to  be,  approximately,  8,270 ;  and  there  has  been 
produced  an  average  amount  of  761  pounds  of  copper  per  fathom,  a  result  which 
is  truly  astonishing,  when  it  is  considered  that  the  whole  of  the  Tein  has  been 
taken  down."— Whitnbt,  Metallic  WeaUk  of  the  United  States^  p.  277. 

**  On  estime  que  dans  touts  la  partie  exploits,  chaque  mitre  carr€  (10*76 
square  feet)  de  surface  lat6rale  a  rendu  plus  de  100  kilogrammes  (220  lbs.  Av.) 
de  cuiTre  pur."— Bitot,  Annales  dee  Minet,  5me  S^rie,  tii*  p.  313. 

t  Ibid,  p.  278.    S.  T.  Snow,  Esq.,  of  the  Revere  Copper  Works,  Boston,  MSS. 

}  BiYot,  Annales  des  Minest  5me  S^rie,  vii.  p.  277.    Ante,  p.  423. 
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toDi.  (ilv.)  f  Of  cnule^  ^  ^^  ^  ^  ftnt.  tons 

0^1-98    \  otalued  r^'^"'''^^)  ^"P^  l^'*'  ■^'<^  ^771-79^  or  (h096B  iti  welgfat  of  flnc 

whilst 

14.09J-00  „  89*0       and     190^,       n     Q.miA*  ••  0-«Bftl  »         ;  t 

and 

lO,9O0-47  n  tiM  nirftMO    and     1S(H>,       «    lt,09i«81, »  <HKU9  •» 

The  average  proportions  of  fine  copper  contained  in 
crude  metal  from  the  different  depthsjj  therefore,  are — 

between  the  sur&oe  and  a  depth  of  83*3  fine.  •  •  •  •    1* 

n         83*3  and 180-0  „      ....    l-24d5. 

Particles,  grains,  and  small  masses  of  virg'in-silver 
frequently  bestud,  and  are  imbedded  in,  native  copper, 
as  well  as  in  prehnite  and  calcareous  spar ;  the  silver, 
however,  is  more  plentiful  in  a  metallic  than  in  an 
earthy  matrix,  and  in  the  shallower  than  in  the  deeper 
parts  of  the  hde ;  yet,  ultimately  mixed  and  closely 
united  as  the  metals  often  are,  they  never  form  an 
alIoy4 

•  Poateo,  p.  440. 

"  Fr^B  de  la  surfaoey  let  masses  de  cuiTre  ont  M  plus  nombreuses  ;  auz  efoq- 
u!4me  et  sizi^me  niveauz,  les  mosses  sent  plus  fortes  et  la  proportion  de  mati^re 
h  bocarder  semble  augmenter  asses  rapidement." 

Bitot,  Anndkt  des  Mines,  5me  S6rie,  vii.  p.  318. 

t  Small  quanUtlea  of  crude  metal  were,  of  course,  still  obtained  from  the  upper 
kvelB, 

X  Ante,  pp.  120—1,  17d,  205—6,  285—6,  328—31,  383. 

%  **  Native  silver,  more  or  less  associated  with  the  copper,  is  most  abundant 
near  the  cross-course." — Jacxbon,  Fostbb,  &  Hill,  Rsport  on  the  Geological 
tmd  Minerahffical  Survey  qf  Lands  in  Michigan^  iii.  p.  760. 

*<  Two  specimens  [specific  gravity  10*146  and  10*188  respectively]  were  fonnd 
to  contain  small  particles  of  copper  scattered  through  them,  but  the  copper  was 
not  alloyed  with  the  silver.    These  specimens  were  found  mixed  with  the  vein- 
stone,  associated  with  native  copper.    They  were  in  grains  from  the  sise  of  a 
mustard-seed  to  pieces  of  more  than  an  ounce  in  weight.  *  «  «    The  singular 
fact  of  the  occurrence  of  silver  implanted  in  masses  of  solid  copper,  or  dotting 
its  surface  like  buttons  dropped  upon  the  copper  and  united  by  a  metallic  solder- 
ing or  perfect  metallic  adhesion  at  the  points  of  contact  is  observed  in  this  mine, 
as  also  at  the  Copper  Falls,  Lake  Superior,  North  American,  and  Northwest 
Companies'  mines.    I  have  analysed  hundreds  of  specimens  without  finding  any 
true  alloy  of  the  copper  and  silver.*' — Jackson,  Ihidt  iii.  p.  476. 
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Wherever  the  adjoining  rocks  are  of  amygdaloidal 


*'  In  a  sample  of  the  Teinstone  blasted  from  the  Cliff  mine  «  «  «  the  silver 
amounted  to  663*64  grains  per  ton  [0*000042  the  weight]  of  rock." 

"  Katiye  silTer  occurs  by  no  means  unfrequentlj,  at  yarious  points  of  the 
trap  range,  from  one  extremity  of  the  district  to  the  other.  It  has,  howcTer, 
been  found  in  the  greatest  quantity  at  the  Phoenix  (formerly  Lake  Superior), 
cuff.  Copper  Falls,  and  Minnesota  mines,  ♦  «  «  but  is  most  abundant  near 
the  junction  of  [different  rocks]  •  «  «  «  The  silver  is  often  interspersed  in 
the  mass  of  copper,  so  as  to  form  a  species  of  porphyry,  the  former  metal 
oeeurrtng  in  small  patches  and  particles  perfectly  soldered  to  the  enclosing 
mass  of  copper,  yet,  chemically  speaking,  entirely  distinct  from  it.  The  native 
silTer  seems  to  occur  specially  in  connexion  with  a  soft  greenish  magncsian 
mineral,  also  with  oalc-spar  and  prehnite,  and  has  never,  so  far  as  we  know, 
been  found  distinctly  crystallized,  as  the  copper  often  is." — ^Fostbk  A  Whitmbt, 
lUporl  on  the  Geology  of  the  LaJce  Superior  Land  District^  i.  pp.  146, 178. 

"  The  largest  mass  of  silver  obtained  up  to  this  time  weighed  more  than  six 
poands«" — IHd,  n.  p.  108. 

**  The  amount  of  silver  obtained  from  the  Cliff  mine  has  sometimes  been  quite 
considerable.  Early  in  the  history  of  Its  operations,  a  great  excitement  was 
raised  on  the  subject  «  «  «  a  rich  pocket  of  it  having  been  met  with ;  but 
ezperienee  has  uniformly  shown  that  in  the  Lake  Superior  veins  these  bunches 
of  silver  are  of  limited  extent.  %  %  %  The  mode  of  occurrence  of  the  silver 
ia  precisely  similar  to  that  of  the  copper;  like  that  metal  It  is  found  only  in  the 
native  state.  %  %  %  The  argentiferous  portion  of  the  lodes  seems  to  be,  in 
general,  near  the  plane  of  contact  of  two  beds  of  different  lithological  character. 

<*  The  silver  rarely  forms  lumps  of  more  than  a  few  ounces  in  weight,  although 
some  pieces  weighhig  several  pounds,  and  nearly  pure,  have  been  obtained. 
Unfortunately  such  pieces  are  often  looked  upon  by  the  miners  as  their  especial 
property,  and  the  amount  received  by  the  companies  from  this  source  is  con- 
siderably less  than  it  ought  to  be. 

**  The  annexed  is  a  statement  of  the  amount  of  silver  obtained  at  the  Cliff 
mine ;  it  is  mostly  picked  out  by  hand  from  the  coarse  metal  which  is  taken  out 
from  under  the  stamp -heads. 

1846 25- 16  lbs.  Troy.  1849 24*76  lbs.  Troy. 

1847 8a-60      „        .  1850   23-90       „ 

1848  81*25      „  1851   84*83       „ 

V ^ ) 

Total  ....  221*39 lbs. Troy." 
Whitnbt,  MetaXliie  WeaUh  of  the  United  Statee,  pp.  278—9. 

'*  L'argent  natif  est  assea  abondant  vers  la  surface,  mais  presque  totgours  assei 
intimement  mdlsng^  arec  le  cuivre ;  on  n'a  pas  encore  constat^  dans  quelles 
parties  du  filon  l'argent  est  plus  ordinairemcnt  en  forte  preportion ;  il  est  dans 
les  veines  de  calcaire  spathique,  m^lang^  de  feldspath  et  de  quarts,  qui  sem- 
blent  r^pondre  2k  la  separation  des  bancs  de  trapp  de  texture  difffirente,  mais 
cette  loi  est  bien  loin  d'etre  certaine.     «  «  •    La  mine  n'a  pas  livr^  plus  de 
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structure  the  lode  contains  copper ;  *  but  in  the  hard 
and  crystalline,  as  well  as  in  the  soft  and  porous,  beds, 
it  is  frequently  made  up  of  several  narrow  veins,  and 
these  are  seldom  rich.f 

The  more  or  less  metalliferous  vein-stones  form 
shoots^  ribands,  or  stripes  of  various  qualities;  which 
— declining  from  the  far  distant ;{:  granite,§  but  co- 
inciding in  position  with  the  contiguous  bands  of  more 
or  less  congenial  amygdaloid — have,  within  the  lode^ 


110  kaogrammefl  (29474  lbs.  Troy)  d'argent  en  six  ans  de  1846  k  1861,  et  os 
ne  peut  pas  esp^rer  un  meillenr  r^ulUt  pour  I'aTenir." 

BiTOTy  AtmdUi  d$i  Mine9,  5me  S^rie,  tii.  pp.  81  It  314. 

Daniel,  Mmmff  JoHnuUf  xxxy.  p,  667.    Ante,  p.  419. 

•  «  The  most  favorable  rook^that  in  wbioh  a  rein  is  best  developed— Is  a 
granular  trap,  with  occasional  amygdules  scattered  through  it  of  a  lively  color, 
and  possessing  a  good  degree  of  firmness."— Fostbr  ft  Whititbt,  Btpori  on 
ths  Qeohgy  of  the  Lake  Superior  Land  Diitriet,  i.  p.  170, 

'*  The  true  copper-bearing  rock  is  «  «  «  of  a  fine  texture,  not  too  crystal- 
line, and  with  occasional  amygdules  scattered  through  it." 

Wbitnbt,  MetaUie  Wealth  qf  the  United  Staiee,  p.  258. 

Ante,  p.  402,  Note. 

t  '*  Where  the  vein  exists  in  the  greenstone  or  hard  crystalline  rook  it  is 
pinched ;  where  it  enters  the  soft  porous  amygdaloid,  it  becomes  scattered  and 
ill-defined.— Foster  ft  Whitnw,  Report  on  the  Qedogy  of  the  Lake  Superitfr 
Land  Dietriet,  i.  p.  170. 

"  Dans  le  greenstone  on  ne  distingue  plus  de  veines  principales,  lea  fllons  se 
divisent  en  un  grand  nombre  de  veinules." 

BivoT,  AmuUea  dee  Mines ^  5me  S^rie,  yii.  p.  261. 
"  Whether  the  rocks  be  granite,  slate,  or  ehxm,  their  hardest  portions  are 
always  quartiose,  and  in  these  the  lodee  are  seldom  rich ;  «  «  « 

**  Where  both  the  rocks  and  lodes  are  very  soft,  the  lodes  are  usually  large ; 
and  under  such  circumstances  they  almost  always  split  into  strings,  which  com- 
monly consist  of  iron-pyrites  and  frequently  die  away  in  the  Coimtiy." 

HBmvooDy  Cornwall  QeoU  Trans,,  v.  pp.  220, 231. 

tOeohgioal  Mapofthe  Lake  Stgterior  Land  District,  by  J.  W.  Foster  and 
J.  n.  Whitney.    Bivot,  Annales  des  Mines,  5me  Sirie,  vii.  Fl .  YII. 

^  Kenwood,  Edinburgh  Neto  Phil,  Journal,  xxii.  p.  157 ;  ComwUl  Gcol* 
Trans,  v.  pp.  41,  54, 87»,  129, 193. 
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an  endlong  dip,*  of  about  28"*  towards  the  north.f 
The  crystalline  greenstone  of  the  precipice  is  sepa- 
rated from  the  granular  and  amygdaloidal  trap-rocks 
beneath  by  a  conformable  bed;};  (the  Slicle)  of  chloritic 
conglomerate,  from  three  to  about  twelve  feet  in  thick- 
ness,— which  heaves  the  lode  about  two  fathoms  (L. — 
S.A.)  towards  the  lefUhand.^ 

Although  the  works  are  but  one  hundred  and  thirty 
fathoms  deep,  a  man-engine  ||  has  been  already  erected. 

•  Henwood,  EdMurgh  New  PhXL  Journal^  xxn.  p.  157 ;  ComwaU  Choi. 
TVoiM.  T.  pp.  41, 54, 87*9 129,-98 ;— Yi.  pp.  146,-94.  Tregaskis,  lUpartofihe 
Biofal  Comwatt  Pofyteehnie  SoetOff,  it.  p,  96.  Ante,  pp.  122, 206—7,^15,-16, 
224,— S4,-~58,  328,-6. 

t "  The  mining  ground  %  %  %  [^ps  towards  the  north]  helow  the  eliff  of 
greenitone,  in  a  belt  of  amygdaloidal  trap."— Fostbr  ft  Whxtmxy,  Report  om 
the  Geology  of  the  Lake  Superior  Land  District,  X.  p.  129. 

**  The  beda  of  roek  dip  at  an  angle  of  about  28^  to  the  north,  consequently  the 
extent  of  ground  in  that  direetion  •  «  «  is  increasing  as  each  suceessive  level 
extended  northward  from  a  greater  depth." 

WHiTMar,  Metallic  Wealth  of  the  United  States,  p.  277. 

**  A  CHff  et  k  South-Cliffy  les  masses  sont  abondantes  et  de  tr^s-grandes  di- 
mensions k  une  (bible  distance  de  la  surface ;  elles  se  eontinuent  dans  la  profon- 
deur,  en  formant  des  colonnes  incline  irr^guli&rement  vers  le  nord,  k  pen  pr&i 
eomme  les  bancs  du  trapp ;  la  gangne  du  filon  'estimpr^gn^e  de  cuiTre  et  foumit 
da  mineral  debocard  asses  riche.'-Rnror,  Annales  des  Mines,  5me  S^r.,Tn.  p.  261. 

X  *'  Between  the  crystalline  greenstone  and  the — occasionally  amygdaloidal— 
granular  trap  there  is  a  thin  belt  of  slaty  clilorite  about  tweWe  feet  in  thickness. 
%  It  %  In  the  granular  trap  the  vein  is  about  twelve  feet  to  the  east  [of  its 
place  in  the  greenstone]  showing  that  it  had  been  subjected  to  that  amount  of 
heave  or  dislocation." — Fostsb  &  Whitnxt,  Rtport  on  the  Geology  of  the  Lake 
Siqperior  Land  District,  x.  pp.  127—8  (Abridged). 

**  At  the  foot  of  the  Cliff,  and  separated  from  it  by  a  slide — the  slide  of  the 
district — Ues  a  fine-grained  trap-rock,  through  which  run  numerous  and  parallel 
belts  of  amygdaloid.  This,  with  the  amygdaloid  and  slide,  dips  north  under  the 
greenstone  at  an  angle  of  about  28*.  •  ♦  «  The  copper-ground  is  about  1,000 
feet  in  length,  being  limited  north  by  the  slide,  and  dipping  at  the  same  angle 
with  it  under  the  greenstone/* — ^Dahibl,  Mining  Journal,  zxxv.  p.  567. 

i  Table  XIL 

I  "  A  man-engine  works  in  Avery's  shaft,  raising  the  men  from,  and  lowering 
thsm  to  the  100  fathom  level ;  it  is  contemplated  to  carry  the  rods  to  the  180, 
when  the  shaft  is  sunk  to  that  depth." — Daxxxl,  Mining  Journal,  zxxv.  p.  56, 

ooo 
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From   1844   to    1865  the   Pittsburgh   and  Boston 
Mining  Company  obtained 

20,359-56  tons  of  crude  metal,*  containiDg  (0*6227  its  weight) 

12,679-37    „    of  fine  copper,  which  realized      £1,448,039 

The  ezpenditnre,  meanwhile^  amounted  to  963,179 

A  net  profit  of £479,860 


*  The  produce  of  the  mine  and  the  financial  operations  of  the  Companj,  from 

1844  to  1866,  are  shown  in  the  following  columns 

ProportiOD 

Crads 

of  line 

Pine 

Yesra. 

meul. 

copper 
in  erode 

copper. 

Proeeedf  of 
copper. 

Bzpenditnn 

Lose 

PfOut. 

Tons  Uv,) 

metal. 

Tone  (ilv.) 

1844 

„_„ 

•**s 

_^ 

^^ 

£    639 

£   639 

— 

6 

14-81 

0-6000 

8*88 

£       618 

5828 

4710 

— 

6 

48-56 

0-3458 

16-80 

1848 

13776 

11928 

— 

7 

325-82 

05629 

183-38 

14786 

18626 

3840 

— 

8 

738-97 

0-6020 

444-85 

34668 

21933 

— 

£  12735 

9 

102011 

0-5611 

572-38 

32339 

22285 

— 

10054 

1850 

67919 

0-4697 

31904 

36884 

24747 

— 

12137 

1 

682-35 

0-5538 

377-90 

36444 

26588 

'- 

9856 

2 

741-22 

0-4995 

370-25 

33733 

23527 

— 

10206 

3 

1010-35 

0-4733 

478-25 

60968 

38669 

— 

22299 

4 

1041-35 

0-5639 

587-19 

66830 

44501            — 

22329 

5 

1337-43 

0-6249 

836-70 

99148 

53941 

^ 

45207 

6 

1469-30 

0*6748 

991-49 

111634 

59687 

— . 

51947 

7 

1501-59 

0-7028 

1055-29 
31 '93a 

I  103723 

66415 

— 

37308 

8 

1421-02 

0  7101 

1009-12 

100432 

59843 

_ 

40589 

9 

981-98 

0*6433 

681-70 

60938 

56703 

— . 

4235 

1860 

1252-48 

06571 

822-94 

72978 

57561 

.^ 

15417 

1 

1385-55 

0-6212 

860-72 

85102 

70650 

_ 

14452 

2 

1411*81 

0-6340 

895*07 

108320 

67355 

_ 

40965 

8 

1343-99 

06977 

937-66 

149818 

61226 

... 

88592 

4 

944-64 

0-6386 

603*27 

131251 

85181 

.... 

46070 

6 

1007*09 

0*6400 

644-56 

100577* 

83998* 

16579 

Totals. 

20,35956 

— 

12,679-37 

£1,443,039 

£963-1 79  e 

£21,117  1 

£500.977 

Mean . 

0-6227 

Loss 

21,117 

Net  Profit  ,^   £479jgg 
a  "  ReeoTered  at  this  time  from  the  Slagt  of  former  yean."  dBstlmatee. 

e"  By  the  termt  of  the  [etrifer]  leaiet  the  applicant  was  required  to  •  •  •  render  to  the 
United  SUtee  liz  per  cent,  of  all  the  orei  raised.^'- Wbitv>t,  MtiaiUe  WmUh  qfikt  f^^^ 
Rtatmt  p.  848.—**  In  ISfiS,  however,  the  Qenend  Law  of  MieMgan  Imposed  a  tax  of  one  douar 
(four  ehllllngs  and  two  pence  Sly.)  on  each  ton  (9,000  Ibe.  At. J  of  copper  or  mineral  obtainca 
•  •  •  In  lieu  of  all  SUte  taxes." 

The  aroounteof  the  flnt  nine  yean  hare  heen  compiled  fh>m  the  statements  of  Ma.  WntTJf*T 
rMttatUe  WmUh  of  Me  Vniiod  Statm,  p.  878.)  and  If .  Ritot  (Afmdim  d$t  Minea,  6me  8^«> 
TXi.  p.  818) ;  but  those  of  the  twelve  lest  have  been  prepared  from  partlcalan  eonrteoosv 
supplied  by  T.  M.  Howe,  Esq  ,  Tressurer  and  Secretary  of  the  Pittsburg  and  Boston  Mining 
Company*  and  8.  T.  Snow,  Esq.,  of  the  Rerevs  Copper  Company,  on  application  from  the 
Author's  (Hands,  Ebeneier  North  Willcoz,  Esq.,  of  White  Woods,  near  Detroit,  and  Joseph  P* 
Cooke,  Jan.,  Esq.,  Professor  of  Chemistry  and  Mineralogy  in  the  Unlrenity  of  CambnoK®' 
Massachusetts 
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therefore  accrued   to   the   fortunate    shareholders. 


A  comparison  with  these  results  with  those  obtained  in  other  rich  mines  may 
not  be  deemed  impertinent. 

The  CmuoiidaUd  Copper  Mines,  of  Ccbre,  near  Santiago  de  Cuba,  have  been 
worked  in  "  highly  calcareous  porphyritic  rocks,  passing  into  and  associated  with 
basalts  and  a  peculiar  conglomerate  "  (Anbtbd,  Quar,  Jcumalof  the  Geological 
Society f  XII.  p.  145),  with  unequalled  success ;  of  which  the  following  particulars 
have  been — by  permission  of  the  Directors,  copied  from  official  records^ 


1835    

6    

7    

8    

9    

1840    

1    

2    

3    

4    

5    

6    

7    

8    

9    

1850    

1    

2    

3    

4    

5    

6    

7    

8    

9    

1860    

1    

2    

3    

4    

Totals.... 


Copper- 
ore. 
Tons  iAv,) 


3478 
4765 
6084 
10519 
13615 
23279 
24658 
20145 
20255 
22526 
17469 
15291 
16593 
21762 
19773 
17903 
15605 
11078 
13090 
16530 
17531 
14617 
13325 
13008 
13812 
13602 
13249 
11796 
14955 
13248 


453,561 


proceeds. 


£  63634 
80442 
100221 
199429 
203028 
344479 
329030 
234596 
242217 
238821 
193417 
163270 
191644 
217958 
243291 
229144 
217937 
187781 
214003 
255668 
271588 
217031 
184151 
162045 
191796 
183463 
157037 
131519 
144728 
148261 


£5,941,629 


Espendtture. 

LOM. 

£  40464 

■M 

85709 

£5267 

96846 

.. 

117702 

«. 

166167 

_ 

221520 

-m^ 

256800 

.. 

223103 

_ 

212806 

— 

223776 

.. 

183092 

m^ 

161234 

_ 

168632 

.« 

171847 

.1. 

159900 

.i>_ 

150504 

.1.. 

134677 

._ 

111444 

_ 

150083 

_ 

150644 

_ 

172784 

.^ 

178713 

... 

149122 

^^ 

135954 

^^ 

141032 

._ 

145784 

«. 

145524 

.^^ 

141977 

10458 

140911 

~~^ 

135114 

— 

£4,673,865 

£15,726 

Profit. 


—  £    23170 

3375 
81727 
36861 
122959 
72230 
11493 
29411 
15045 
10325 

2036 
23012 
46111 
83391 
78640 
83260 
76337 
63920 
105024 
98804 
38318 
35029 
26091 
50764 
37679 
11513 

3817 
13147 


£1,283,489 


Each  ton  of  ore,  therefore,  cost  on  an  )  £^q  .  q  .  i     ^o**    ■  •  •       15,725 

average  }  ■ 

was  sold  for     14  :  0 :  0    Net  profit  . .  £1,267,764 


If 


Fur  this  interesting  document  the  Author  is  indebted  to  his  friend  F&bdbuick 
Banx.ju»'|  Etfa.,  of  the  Red  Jacket  Copper  Works,  near  Briton  Ferry. 
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Each  ion  of  fioe  copper  therefore  cost £  75  19    8  Stg. 

and  was  sold  for  118  16    8  „ 


The  JDioeftmoAofi  JftiMt,  between  Dfrngarraii  and  Trainore»  in  the  eomity  of 

Waterford,  are  largely  wrought  by  the  Mining  Company  of  Ireland,  in  the  slate- 

aeries,  near  the  coast,  and,  to  some  extent,  beneath  the  sea  (Wbatxb,  GttiL 

TWmt.,  O.B.,  T.  p.  248.    Oldham,  BtporU  of  «Ae  BrilUk  AtMoeiation  for  1844, 

p.  221.) 

'<  From  the  beginning  of  1825  to  the  end  of  1865 

The  Copper-ores  obtained  were  sold  in  Swansea  for   £1,399,232 

„   Salaries,  wages,  materials,  Ac.,  amounted  to £855621 

„   Boyalties  (Does) ,  54458 

„   Profits • ,  489153 

£1,899,232 

RoBXBT  Hbrox,  Esq.,  Secretary  of  the  Company,  MSS. 

The  following  particulars  relate  to  mines  in  Yarious  parts  of  Cornwall  and 
DsTon. 

Thb  Saixt  Just  Dibtbict.    (Borlase^  Natutal  Hutoty  of  Contwatt,  pp.  101* 
— 52,— 56,— 42,  206,-9.    Fryce,  Mmeraloffia   Cfomttbiemii,  P-  21* 
Berger,  GtoL  TVoiw.,  oa,  i.  pp.  151,-76.   DsTy,  OomwaU  Qtoil.  7)rant., 
I.pp,20*-6.    I>e  Luc,  Gso2p^iiea/7Vtitwlt,in.»  pp.  257,-60.  Bashleigh, 
BHUih  Mimrab,  z.  pp.  81—3.   Polwhele,  HitUny  of  OomwaU,  n.  PP* 
18S<*5.   Lysons,  ComwaU^^.  oon.    Hawkins,  (Jomwatt  0§oL  2>»fM., 
n.  pp.  29—30.    Came,  Ibid,  n.  pp.  87—8, 103,-10,-21,-2,  290-^66; 
PI  in.  Fig.  10 ;— FI7. ;  Ibid, yi.  pp.  28—9,47—9.    Forbes. IM,  n.. 
pp.  175—81,  249,-55-8,  PI.  VI.    T.  V.  Barham,  /»uf,  ni.  p.  l^^* 
Michel],  Manyal  of  Mineralogy,  pp.  24—5,  80— 2,— 4,— 8,  529—8,-9, 
73.    De  la  Beche,  Rsport  on  iha  Geology  of  ComwaB,  Ac,  pp.  160,-8* 
288—4,308—9.  Y ox,  ReporU  of  the  CornwaU  PolyUehnie  Society,  i^- 
pp.  86,  93.     Henwood,  ComwaU  Geol.  TVans.,  y.  pp.  7—15,  389—90, 
464,    Tables  I-^-XII.,  PL  /.,  //.     Sorby,  Qmrterly  Journal  of  the 
Geol,  8oe.,  xiT.  p.  488,  PL  XIX.  Fig.  118.  Charles  Thomas,  BemarkM 
on  the  Geology  of  Cornwall  and  Devon,  p.  6.    Salmon.  Mining  and 
Smelting  Mag.,  i.  pp.  42—5;  t.  p,  260.    Oarby,  ComwaU  Geol.  Trans., 
Tii.  pp.  75,-6, 81,— 3,— 6,— 7.  Higgs,  Ibid,  Tii.  p  449.    Maskelyne, 
Proceedings  of  the  Royal  Society,  xiy.  p.  400.) 

**  Levant  afforded  between  1830  and  1865  a  profit  of  rather  more  than  £200,000, 
but,  the  particulars  are  now  unknown,  as  many  of  the  accounts  were  accidently 
burnt" — Hbkbt  Bobrow,  Esq.,  of  Truro,  Purser  of  the  Mine,  MSS. 

At  BotaUack  seyeral  lodes,  haying  difiierent  directions,  yield,  for  the  most  part, 
tin-ore  whilst  in  granite,  but  copper-ores  when  in  slate, 

'*  From  1802  to  1836  the  mine  was  worked  by  five  Adventurers  only,  vho 
shared  amongst  them  a  clear  profit  of  £84,000." 

Mr.  Richard  Wslluvotom  of  Chyandour,  Accountant  at  the  Mine,  MSS. 
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The  mine  is  still  largely  and  profitably  wrought  by 
the  original  proprietary. 


<*  From  th«  beginning  of  1886  to  the  end  of  1866  the  present  Shareholders  have 

paid  for  their  **  plant,"  and  at  internals  of  diminished  produce £  18,250 

obtained  tin-ore   which  realised  •  •  £321784 

„       oopper-oret   „  ••      183011 

504,745 

and  sold  snndries  (old  materials^  Ac.)  ••  „  8,720 

£581,715 

The  working  expenses  (salaries^  wages,  materialS|  Ac.)  hare 

amounted  to  ••  £405085 

„    BoyaltiesCDaes)... „  «•       23602 

„    Bividendsypaid  to  the  Shareholders..  „  102150 

„    Balance  (nominal)  in  the  Purser's  hands    • *•  878 

£531,715 


STiFHXir  Haxtst  Jajcbs,  Esq.,  Purser  of  the  Mine,  MSS. 

Tbb  Saxxt  Itm  Dibtbiot.  (Berger,  Oeol  TVotu.,  o.b.,  i.  p.  152.  Porbes» 
ComwaU  Oeol,  TWiiw.,  xi.  pp.  181—5, 259—64,  PL  V,  Vh  Came, 
Ibid^  n.  p.  344.  Ljsons,  CofnwaUt  p.  oozi.  Michell,  MamuU  of 
Mineralogy,  p.  32 ;  Cortiwatt  Geol,  TVofia.,  v.  p.  19.  Be  la  Beche, 
SMport  on  tho  Qoology  of  ComwaUt  &o.,  pp.  160, 283,  306,-23,  511,— 
13.  Henwood,  Comwaa  QooL  Transit  t.  pp.  16—26,  890—1,  435—6, 
—65,  TaUei  XIII.^JiXIIL,  PI  11. ;  Ibid,  til  pp.  179— 84«  Table 
J.,  PI.  VIII.  Penberthj,  Ibid,  Yi.  pp.  106—7.  Sorby,  Quarierfy 
Journal  ofiho  GmO.  S00.,  xiv.  pp.  475,-93—4,  PI,  XVIL  Fig.  53—6. 
Charles  Thomas,  Bmnarh»  on  th$  Qoohgjf  of  Cornwall  and  Devon,  pp. 
15,19.  Oarby,  GbnM0a0  6«oL3Viitu.,vn.pp.86— 9.  Salmon,  Ifwiafi^ 
and  StnoUing  Magaoino,  xu.  pp.  189—48,  Fig.  11—14;  Ibid,  ▼.  pp. 
260—1.) 

The  £btfil  Ives  CdntoUdaied  Jfoiet— worked  in  granite,  on  sereral  separate* 
lodee,  as  weU  as  on  (the  CarbonaJ  an  excrescent  mass  of  yein-stone  connected 
with  one  of  them,  afforded 
from  1827  to  1834 a  prodt  of  £24,675* 

{j<#1d«d  ]0,aaB-64  tons  of  tln-on^  \ 
which  raiaix«l~At  AD  avcrmffe  of  / 

(ih.L^».6Ze,uMe^  Which  left      „  86,508- 


»»  "      {  wtf  «>•  And  oott  of  na^ I 


Citrlalt  AmooDled  to...  •  485^897 


Net  profit....  £111,178 


Mb.  Jork  YnriAK,  AccounUnt  at  the  Mine,  Mining  and  Smelting  MagaMme^ 
III.  pp.  146—8,  MSS. 

a  The  aeeouaU  for  thb  period  were  acddeBtaUy  burat. 
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The  extraordinary  richness  of   this   comparatively 


In  the  Prwidence  Mineg  leveral  lodes  jield  copper-ores,  accompanied — in  one 
instance  by  a  small  quantity  of  pitch<blende,a  — in  the  homblendic  slates ;  but 
in  the  granite  they  as  well  as  (the  CarbonaJ  an  excrescence  of  rich  yein-stoiie, 
adjoining  the  northern  side  of  Wheal  Laiiy  north  (branch J  lode,  afford  tin-ore 
alone. 

The  Capital  invested  from  1832  to  1848  amounted  to £11,570 

From  1832  to  1865  the  mines  gave 

M06-3S  tons  of  Un-ora,  which  |  i^^m^uf  |  •^l :  &  ^  7  per  too)  rsalUed  ..  £94Aan 

8790*00     „      copper-or«,  „  fi :  10 : 0       „  „  96S20 

•07     M      piteh'bl«nd««  (at  flrom  6«.  to  jC2  per  cwt.)        96 

SttDdries      STSS 

406,367 


The  salaries,  wages,  materials,  &c.  daring  the  same  period  1  £312071 

amounted  to  ) 

„    Royalty  ri>««»; „  14780 

„   Shareholders  received    „                  „  90020 

„    Balance  in  the  Purser's  hands        „                 „  66 


£416,937 


£416,937 

**  The  success  of  this  Adventure  may  be  mainly  attributed  to  the  judidons 
policy  of  the  Lords,-- Mr.  Praed,  the  Basset  family,  Mr.  Stephens,  and  Mr.  Davies 
Oilbert,~in  giving  up  their  Dues  for  a  time,^  which  enabled  the  Shareholders  to 
prosecute  the  mines  and  bring  them  to  their  present  profitable  state." 

General  Siatementa,  circulated  amonget  the  Shareholder$t 
by  Samvbl  Hioos,  Esa.,  Purser  of  the  Mines. 

The  Gwimbab  Distuct.  (Hitchins,  PAO.  Trane,,  xci.(1801)  pp.  159^64, 
Pk  XI,  Berger,  GeoL  Tram,,  O.8.,  i.  pp.  169, 171—7.  Lysons,  CormoaU, 
p.  ooix.     William  Phillips,  Qeol.  2Van«.,  o.B.,  ii.  pp.  146—52, — 67,-60, 
P/.  VL  Fig.  6,— F///.  1,  2.    De  Luc,   Geoloffioal  Travels,  in.  p.  277. 
Hitchins  &  Drew,  History  of  Cornwall,  ii.  p.  566.    Came,  PhiL  TYans,, 
xovii.  (1807)  pp.  293—6,  PL  XVIIL;  ComwM  Geol.  Trans.,  i.  pp.  99— 
102;  n.  pp.  105,— 6,— 8,— 10,— 13,— 14,— 20— 4,  PL  III.  Fig.  17;  IM, 
III.  pp.  69,  79.     Michel],  lianual  of  Mineralogy,  p.  12.    Moyle,  Annals  of 
Philosophy,  V.  p,  36;  Ibid,  Tin.  p.  448.    Edmonds,  Cornwall  Geol,  T^ms., 
111.  p.  332.    Gregor,  Ibid,  p.  338.    Boase,  Ibid,  iv.  pp.  809— 10,— 47— 8- 
De  la  Beche,  Report  on  the  Geology  of  ComwtM,  &c.,  p.  306.     Henwood, 
Proceedings  of  the  Geological  Society,  i.  p.  406 ;   Cornwall  GeoL  Trans,,  v. 
pp.  35—42,  Tables  XXXIll—XLlL,  PL  111.  IV,    Bundell,  Ibid,  vii. 
pp.  37, — 8.    Salmon,  Quarterly  Journal  of  the  Geol.  Soc.,  xvii.  pp« 
517—22.) 

A  Coniidenble  quantitiot  of  the  name  ore  had  been  previously  obtained  at  Wheal  Trtmcitht 
an  adjoining  mine.— H  cm  wood,  CornKoU  Qeol,  Tratu,  V.  p.  ID,  Note. 

b  From  March,  1840,  to  Muy,  1849,  amounting  altogether  to  about  £4,000. 
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small  spot,  evoked  a  spirit  of  speculation  ;   at  least  as 


At  Wheal  Alfred  two  lodea — ^haying  different  directions,  and  traversing,  as 

irell  the  claj-slate,  as  the  elvan  intersecting  it, — were  wrought  from  40  to  130 

fathoms  deep,  by  bottoni'Stopee.     Between  1804  and  1815  they  afforded 

83,337  tons  of  copper-ore,  which  (at  an  average  of  £8  :  II  :  8  (    r'ne  ooo 

per  ton)  realized  J   *''^^»'*^» 

The  Salaries^  wages,  materials,  &e.f  amounted  to   £504175 

Royalties  fDu0«,  one-tenth)  „  ••••••       71523 

Profits  shared  by  the  Adventurers    „  139531 

£715,229 


From  Accounts  obligingly  furnished  by  Oborob  M.  Millbtt-Davis,  Esq., 
of  Treneere. 

The  Alfred  ConeoUdated  Mines — which  adjoin  Wheal  Alfred  and  were  worked 

in  similar  rocks — yielded — from  September,  1844,  to  February,  1861 — 

42,320*5  tons  (Avoir.)  of  copper-ore  which  (averaging  ) 

£6  :  18  :  1  +  per  ton)  \  £292262 

realised    j 

blende,  which  realized   719 

lead-ore  „  115 

tin-stone         „  56 


The  Salaries,  wages,  materials,  &c., amounted  to  £179000 

„     Royalties  (Duet)  „  16104 

„     Profits  divided  amongst  the  Shareholders        „  98048 


£.293.152 


£293,152 


For  this  Account, — prepared  by  Mb.  T.  W.  RoBiNBOy,  Purser  of  the  Mine, — 
the  Author  is  indebted  to  Mb.  J.  Sampsox  Courtnbt,  of  Poltair. 

At  Qodclphin  (Bridge)  the  copper- ores, — obtained,  within  ninety  fathoms  of 
the  surface,  from  different  parts  of  one  lode^  in  the  slate-formation, — afforded, 
early  in  the  present  century,  a  net  profit  of  £66,000. 

William  Williams, Esq.,  of  Tregullow,  MSS. 

Thb  Hblston  District.  (Carew,  Survey  of  Comteall,  pp.  13, 153.  Borlase, 
Natural  History  of  Comtoall,  p.  161.  Jars,  Voyages  M^taliurgtgues,  in. 
p,  194.  Klaproth,  Mineralogical  Observations,  p.  31.  De  Luc,  Geological 
Travels,  in.  pp.  270,~3.  Hitchins  &  Drew,  History  of  Comtoall,  ii.  p. 
116.  C.  S.  Gilbert,  Historical  Survey  of  Comtoall,  ii.  p.  760.  Sedgwick, 
Cambridge  Phil,  Trans,  i.  pp.  111—14,-29.  Came,  Cornwall  GeoL  Trans., 
I.  p.  102;  Ibid,  ll.  pp.  66—119;  Ibid,  ni.  p.  77.  Fox,  Ibid,  li.  PI,  II. ; 
Ibid,  ni.  p.  318;  Phil.  Trans.,  cxx.  pp.  407,-11.  Hawkins,  Comtoall 
GeoL  Trans.,  n.  pp.  31,  380.  Forbes,  /5uf,  ii.  pp.  185—9.  T.F.  Barham, 
Ibid,  m.  p.  151.  Michell,  Manual  of  Mineralogy,  p.  71.  Moyle,  Comtoall 
Qeol,  Trans,,  n.  pp.  406, — 11;  Anncds  of  Philosophy,  ti.  p.  90.  Yon 
Oeynhausen  Avon  Dechen,  Phil,  Mag.  ^  Annals,  T.  pp.  243,-6.  Boase, 
Comtoall  Geol,  Trans. ^  iv.  pp.  348—55 ;  Primary  Geology ^  p.  56.  Richard 
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fierce   and   indiscriminatiog    as  that  too  frequently 


Thomas,  Mining  RevUw,  uu  p.  30.  !)•  la  Beobe,  Report  tm  tht  Oeekgff 
ofComwaU^  Ac,  pp.  162,-- 62,^71,— 6,  284.  807,— 28,— 41.  Henwood, 
Edmburgh  New  PkU,  Jomiua,  xxii.  p.  164 ;  CormoaU  GeoL  TranM.,  ▼.  pp. 
48—66,  394,  467—8,  7b6lM  XUii^XLVIlL,  PL  V.:  B^porU  of  the 
Royal  ImmuHtm  of  Cornwall,  xu.  pp.  22—8 ;  AntuOes  deo  Uimn^  fin« 
fi^rie,  XTi.  pp.  671—8.  Charlea  ThonuM,  Bmnairk»  on  the  Ooohgy  of  Caf" 
waU  and  Devon,  pp.  2, 16, 16, 19,  21,-2,-3.  Salmon,  Mimmg  and  SmeUmg 
Maganne,  n.  pp.  14—18,  84  -7 ;  Ihid,  y.  pp.  287,  828.) 

Wheal  For— for  many  Tears  the  richest  tin-mine  in  ComwaU<— was  wotted 
mostly  in  slate,  but  to  some  extent  in  the  granite  alto.  Th«  prineipal  opera- 
tions were  confined  to  one  lode  ;  bat  other  hdee,  as  well  as  metolliferoas  foon, 
which  extended  from  one  of  them  to  another,  were  likewise  wronght. 

The  mine,  which  had  been  worked,  at  least  twice,  before,  was  reopened  in 
1810,  and  prosecuted  without  interruption  untU  1847.  As  late  as  1860,  indeed, 
the  (leamnge)  poorer  ores,  preWously  brought  to  the  surface,  were  still  (dreued) 
treated  with  advantage. 

"  From  1822  to  1860  the  profit,  divided  amongst  the  shareholders  amounted 
to  £119,346."— JOHW  KnrDALL,  Eso.,  Banker  of  the  Company,  MS& 

In  1863  operations  were  resumed;  but  in  1860  the  deeper  works  were  once 
more  abuidoned.  At  Wheal  Metal  immediately  south,  howeyeri  a  parallel  lode 
still  yields  great  profit. 

During  the  thirteen  years  1863—1866,  the  mine  has  afforded 

6167*3  tons  of  tin-ore,  which  (at  an  average  of  £68 :  16 : 6 1  r  «Ais«ft7 

per  ton  have  reaUsed. .  I  ^^^^^ 

To  March,  1860,  the  loss  smounted  to    •     194826 

£649,713 

The  Salaries,  wages,  materiab,  &c.,  have  amounted  to.«  £471029 

„    Royalties  f^Dtisf^ «  „  ••        18110 

„    Profit  from  March,  1860,  >  rqkta. 

to  December,  1866 ....  $     »  '•        ***'*''* 

'  £649,713 

Obosob  Moaxbs,  Eso.,  F.O.S.,  Chairman  of  the  Company,  & 

Mb.  Williax  Aaoall,  Accountant  at  the  Mine,  M8S. 

Thb  Cambobvb  hXD  ILLOOAV  DitTBiCT.  (Borlase,  Naltmal  Hietory  of  Com  • 
waU,  pp.  168—70,  PL  XVIIL  Fig,  1, 2.  Pryce,  IfifieralD^  Canw^ 
eneie,  pp.  170—2,  PL  IV,  Jars,  Voyagee  MitaUnrgiguee,  in.  p.  221. 
Slaproth,  Mineralogieal  ObeervoHone,  pp.  27,  31,  61—6.  Warner, 
Tow  through  Cornwall,  pp.  131—6.  Berger,  OeoL  Drone,,  cs.,  z.  pp. 
146, — 64,-66,-70.  De  Luc,  Oeologioal  Travele,  in.  pp.  286—94. 
William  Phillips,  Geol,  TVotis.,  O.S.,  n.  pp.  162—6,  PL  VIL  Fig,  2; 
PhiL  Mag.  ^  Annate,  XI.  p.  286.  Rule,  Cornwall  OeoL  Drone,,  i.  p 
226;  Ibid,  Tii.  pp.  161— 3.  Lysons,  Cornwall,  p.  ooix.  Hitehins 
St  Drew,  Hieiory  if  Cornwall,  n.  p.  140.  Richard  Thomas,.  Smvey 
of  the  Mining  Dietriet  from  Chaeewoter  to  Camborne,  pp.  30—77. 


'. 
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displayed   in   this   country   under  the  like   circum- 


Sedgwick,  Cambridf^  Phil,  2VafM,  t.  p.  122.  Carne,  CwrmoaU  OeoL 
TVofw.,  II.  pp.  96—9,  102—6,  PI  II.  Fig.  9,^IIL  Fig.  16 ;  Ihid^  in. 
p.  84.  Forbes,  Ihid,  n.  pp.  189—91.  Hawkins,  Itrid,^^.  376—82; 
Ibid,  IT.,  p.  6.  Pendanres,  Ibid,  m.  pp.  383—4.  Michell,  Manual 
of  Minerahgy^  pp.  20,  36—6,  62.  Faraday,  Phil,  Mag.  ^  Annali, 
II.  p.  287.  Fox,  Cornwall  OeoL  TVam.,  u.  pp.  20,-3,  PL  /•;  Ihid, 
in.  pp.  818k— 19,— 23,— 7 ;  PhU.  TVium.,  oxx.  pp.  404,— 10,— 11.— 
12;  iZ^porte  of  the  Cornwall  Pofyteehnie  Soeieigt  nr.  pp.  86,-91— 
2;  md,  xiT.  pp.  1—3;  Reporte  of  the  Briiieh  Ateoeiation,  1834,  p. 
672;— 1837,  pp.  136— 7;— 1840,  pp.  309— 19;— 1867,  pp.  96—101. 
Boase,  Cornwall  OeoL  Tnme.,  it.  pp.  811—12;  Primaty  Oeologg, 
pp.  184,-90.  De  la  Beehe,  Report  on  the  Oeohgg  of  Cornwall^  ftc, 
pp.  176,  288,  306,-24,  PL  VII.,  VIII.,  IX.  Henwood,  PhU.  Mag. 
^  Anmale,  x.  p.  360;  Reporte  of  the  Briliih  Aseoeiationy  Ti.  1837, 
p.  74 ;  Cornwall  OeoL  Drone.,  ▼.  pp.  67—68,  396 — 6, 432 — 4,-68—9, 
Tablee  XLIX.- LVIL,  PL  V.,  VI.,  VI.* ;  Proeeedtnce  of  the  Royal 
Soeieig,  tt.  p,  317 ;  Reporte  of  the  Ritgal  IneHtuUon  qf  Cornwall,  xi.i« 
pp.  22—3  ;  Annalee  dee  Mima,  6me  8€rie,  xyi.  pp.  671—3.  Leifchild, 
Bnegdoptedia  Britannioa,  xv.  pp.  223 — 4.  Sorby,  Qmurterlg  Journal 
of  the  Oeol  Soe.,  xiy.  p.  474.  Oarbj,  Cornwall  OeoL  Tram.,  yi.  pp. 
194—6;  Ibid,  til  pp.  73 — 4,  82—92.  Charles  Thomas,  Remarke  on 
the  Oeologv  of  Cornwall  and  Devon,  p.  6,  PL  /.,  //.,  ///.  Pearce, 
Reporte  of  the  Royal  ImtOulion  qf  Cornwall,  xliii.  p.  36.  Salmon, 
Mining  and  SmeUing  Magaeim,  i.  pp.  46—7,  316—18,-84  -8,  PL  V.  ; 
Ibid,  n.  pp.  74—8,  300—1;  Ibid,  in.  pp.  82—9;  Ibid^  t.  p.  329. 
Matthews,  Ibid^  ii.  p.  337,  Repcrt  of  Commieeionere  on  Mime  in 
Oreat  BrUain  (Appendix  B)  Sections  of  Condurrow  and  East  Pool.) 

Doleoath  has  been  worked — with  but  one  short  internal — from  beyond  memory 
to  the  present  time, — in  both  the  granite  and  slate,  as  well  as  in  the  elvan 
(febpathie  and  quartsose  porphyry)  intersecting  them,— on  seTeral  lodee ;  which 
hsTe  yielded  natiTe  siWer  (Ante,  pp.  112 — 13),  together  with  seTeral  ores  of 
silTsr,  nickel,  and  cobalt;  but  have  afforded,  and  yet  continue  to  afford,  the  ores 
of  copper  and  tin  in  much  greater  abundance. 


Dates. 

Yalaeoforw 
lokl. 

Rojsltj 
(i>Mf)paid. 

Proflto 
dlTided. 

Callfc 

From  June  1800,  to  end  of  1819 .  • 
„  end  of  1819  „    Apr.  1836.. 
„  AprO,  1836  „    Oct  1849.. 
„  Oct.  1849    „  end  of  1866.. 

£1,286,676 
767,282 
289,666 
746,310 

£64,343 
82,236 
IhMfgiTennp 
32,776 

£92,636 

61.390 
Neither  <Nel- 

nor  eolb 
146,039 

^  £46,262 

* 

Totals 

£3,087,832 

£119,366 

£299.066 

Calls 46,262 


Net  Profit..   £263,813 

Amount  of  Royalty  (Dues)  giTcn  up  by  the  Lords. . . •     £28,847. 

"  A  tradition  remains  that  in  1788  (Ante,  p.  146,  Note)  the  aggregate  produce, 

PPP 
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stances.    For — with  little  regard  to  the  characters  of 

— 'Inostly  of  €Opper*ore,— bad  already  realised  two  miUiom  Sterling;  but  in  that 
year  tbe  AdTenturerB—belieTing  they  had  extracted  ererything  worth  remoTal— 
abandoned  the  mine ;  which  had  reached  a  depth  of  186  fathoois.  In  1800. 
however,  operations  were  resumed;  and— with  the  aforegoing  resiilts — thej 
haTe  been  eontinued  until  now  (1866)." 

Captain  CEABLBa  Thomas,  Manager  and  Purser  of  the  Mine,  MSS. 
Mr.  Fryce*s  section  of  the  works  (MinenUoffia  Comubiennt,  PI,  IV. j  pab- 
Isshed  in  1778,  shows  a  depth  of  rather  less  than  90  fathoms.  His  Pro^itecbu 
(of  which  a  copy—- perhaps  the  only  one  remaining — ^is  in  the  Author's  possession) 
states,  however,  that  '*  it  is  now  three  and  twenty  years  since  [he]  first  attended 
the  transactions  of  the  most  capital  copper  mine  (Dol-Coath  or  Bullen-Qarden) 
in  this  county,  which  pie]  was  authorized  to  do  by  holding  a  small  part  in  it; 
#  •  «  during  whioh  time  [he]  made  such  enquiries  and  obserfations,  as  fur- 
nished a  large  share  of  the  present  materials.  By  so  doing  in  two  or  three  yean 
they  increased  on  [his]  hands :  [he]  had  therefore  no  better  method  to  pursue, 
than  to  throw  them  into  the  form  of  a  book."  It  would  seem,  fh>m  this,  that 
the  section  was  made  about  1758. 

Mr.  Rule's  well-known  section— published  (Ph  VIIL)  in  Mr.  De  la  Heche's 
JR^pof^  on  the  Geohffy  of  Cornwall,  Devon,  and  Wo§i  Somorni — was  prepared  in 
1824,  when  the  mine  had  reached  a  depth  of  nearly  240  fathoms. 
From  (T)  1768  to  1788,  therefore,  the  works  had  bean  dsepeoed  (by  bottom-Uejma)  Mfms.;  and 

„         1800  M  1884,  M  »         ( » ^A^fA*}  »  *•    • 

They  are  now  340  fathoms  deep. 

The  Cam  Brea  Minet  yield  the  ores  of  tin  and  copper,  on  several  loda,  which 
are  wrought  in  the  granite  and  slate  formations,  as  well  as  in  the  elMm-eoiirw9 
which  are  common  to  both.  In  the  course  of  thirty-one  years  (1834 — 1864)  the 
shareholders  have  realised  profiu,  which — varying  from  £2,000  to  £20,000  per 
annum, — have  amounted  to  £273,600. 

**  The  oost  of  acquisition  of  the  mines,  and  the  expenses  of  working,  up  to  the 
payment  of  Dividend,  was  £16,000.     . 

**  Besides  the  Dividends  paid,  the  Mines'  produce  created  the  plant,"  now 
valued,  as  if  to  be  broken  up,  at  £40,000,  but  which  must  have  cost  nearer 
£100,000." 

Tbibtt-fijtk  Bxpokt  of  tbb  Dihsctobb  i  presented  at  the  Yearfy  Meeimg 
of  the  Adoenturere,  27th  May,  1866. 

For  this  document  the  Author  is  indebted  to 

B.  H.  PiXB,  Esq.,  Purser  of  the  Mines. 

North  Boakear  and  Wheal  Crofty  are  prosecuted,  on  different  lodee,  in  rocks 
composed  chiefly  of  felspar  and  hornblende;  irregularly  sprinkled  with  quartz, 
and— at  times — with  calcareous  matter. 

Early  in  the  last  century  a  profit  of  about  £46,000  was  made  from  copper- 
ores  obtained  at  shallow  UneU  towards  the  east. 

a  Prfce,  Wxmel,  Comwft.,  p.  161.    Came,  CSomsrall  QeoL  Tranf,,  xii.  p.  00.    Rale,  A^** 
p.  146,  Note. 
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the  lodes — and  the  nature  of  the  rocks, — mines  were 

From  the  beginning  of  1818  to  the  end  of  1853  the  mines  have  aiTorded-— 
tocM  C(ioldatui')     per  too 

142,963-8  of  copper-ore  whioh  j   averace   V£5  18  7)  realiied  £847,808 

144*2  „  tin-ore  „  „  44  6    8)      „  6,395 

26*1  „  blende  „  m  2  7  11)      „  68 

880-8  M  anenio  ,,  „  2  13  4)       ,,  884 

£855,150 

Sondriea  (old  materials,  &c.)  sold 4,100 

C^,Ub.t««l.  of  dlnu»i.h.d  produce    y ^l.">0 

£870,450 
The  ••larie.,  ^e..  m»tariali,  and  other  )   ^  counted  to    £717,898 
working  expense!    •••• •••) 

„    Rojaltiet  f Dtf^O »»  52,878 

„   DxTidends  shared  amongst  the  Adventarers        „  100,679 

£870.450 

William  Cook  Yitiav,  Bsq.,  Manager  of  the  Mines,  M88. 

Weti  Wheal  8eUm  has  been  worked  from  1844  until  now  (1866)  in  an  e/oan- 
eoMTStf,  seen  nndergroimd  in  Wheal  Seton  and  at  the  surface  in  yorth  Rogkear, 
as  well  as  in  the  same  slate-rocks,  and  on  the  same  lodest  as  East  Wheal  Crofty, 
Wheal  Crofijf,  and  Wheal  Seton,  with  the  following  resulto;— 

Proceeds  of  tin  and  copper  ores  sold ....   .••••••..•   £454,836 

Amount  of  salaries,  wages,  &c £186,768 

„  Machinery  and  materials •  •  •  • .      79,418 

£266,186 

Royalty  (^ZHiM^  paid  the  Landowner 30,322 

Profit  dlTided  amongst  the  Adventurers ••...•      158,328 

■  £454,836 

'*  The  Pkmi  is  worth  at  least  £5,000."  ■ 


Bbh^axut  Mattbbwb,  E8Q«,  of  Saint  Day,  Purser  of  the  Mine,  M8S. 

West  Wheal  Basset,  in  the  granite  of  Cam  Kye,  has  been  largely  wrought  on 
four— >and  lest  extensively  on  several  other— locfes,  with  the  undermentioned 
results. 

In  1860— 2  the  outlay  amounted  to   •••••      £9,000 

From  January,  1850,  to  March,  1856,  the  mine  yielded 
tdwUv.)  p«rton 

78,216  of  copper-ore,  which  (averaging  £6  1  11+)  realised  £476,838 

26  „  tin-ore,  „  „  66  13  4-f)        „  1,464 

tin-stone,        „     ••••         »  7,202 

Sundries  (old  materials,  &c.) ••>•         „  1,471 

486,975 


£495,975 
The  payments  for  Salaries,  Wages,  Ac,  amounted  to  ....  £210,598 

Machinery,  tools,  ft  materials    „     ....        77,559 

Royalty  fDifSf^    •• „     ••••        31,283 

Sundries  (Rates,  taxes,  ftc.  •     „     ••••  8,357 


Carried  forward   £327,747 
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opened   on   all   sides.      Within   twenty    years .  more 


Brought  forward £  327,747 

The  ProfiU  diTided  amongit  thej   j^^^ebeen..  £169,600 

Ad?eiitareri •  • .  )  ' 

CoaU  of  Law-iuits  with  the^ 
Shareholders  in  an  adjoin-  ?  „        .  •  7,621 

ing  mine    «•••• .•••••..J 
Balance  of  Cash  in  the  Treasurer's  hands  |-  .  q^- 

amounted  to  }  »     ' 

i— -^—      168,228 

£495,975 


Thb  Rbd&uth  and  Owbnnap  Dxst&iot.    (Borlase,  NfUuttU  Hilary  of  Cvr%- 
wM,  pp.  174, 206.  Pryee,  UwrnraXogia,  Comubiensis,  pp.  83, 192,  231,- 
80,  PL  VII.    Jars,  VajfOffet  MitaUur^iguett  in.  pp.  192—4.   KUproth, 
MineraXogioai  ObtenxUioni,  pp.  8, 10,  25—8,  30,  69.     Maton,  Ob9erva' 
tioru  on  the  Western  CoimtiM,  z.  pp.  242—8.     Thomson,  Amtab  of 
PMIotcphy,  n.  p.  360.      De  Boumon,  PMl.   Drtau.,  xoi.  p.  169. 
CheneTiz,  Ibid,  xd.  p.  193.    Oregor,  Ihid,  xoix.  p.  196,     Warner, 
Tour  through  Cornwall,  pp.  176,-90.    Berger,  GeaL  TVons.,  o.s.,  I. 
pp.  146,— 62— 6,— 70— 7.    Be  Luc,  Qeologietd  TravelB,  in.,  p.  825. 
William  Phillips,  Oeol,  'Drang.,  o.B.,  ii.  pp.  166^6,  PL  VI^  ^- 1* 
Smith,  Ibid,  it.  p.  58.    WilUams,  Ihid,  pp.  142—6,  PL  F/.,  Fig,  1. 
Hitohins  ft  Drew,  Hittory  of  Cornwall,  n.  p.  306.     Riohard  Thomas, 
Survey  of  the  Mining  Diatriei  between  Chaeewater  to  Camborne,  pp. 
6—76 ;    Eietory  qf  Falmouth,  pp.  31—3.     Rees,  QytJofuedia,  xxuz., 
Article  Mining.    Came,  Cornwall  Oeol.  TVtitis.,  i.  p,  103 ;  n.  pp.  76^ 
9,  82—90,  121 ;   ill.  pp.  66,-7,  74.-7,-9,  81,— 8,— 4.    Fox,  Ibid, 
n.  pp.  20—1,-6,  PLI.;    iil  pp.  314—17,-24—6;    PhU.  Tyrant., 
cxx.  pp.  401,— 7,— 10,— 11,— 13,— 14;  Beporte  of  the  OomwaB Pofy- 
teehmc  Society,  it.  pp.  90—6,  124 ;  xit.  p.  1 ;  Beporie  of  the  BriM 
Aeeoeiaiion,  1834,  p.  672 ;   1837,  p.  135 ;   1840,  p.  809 ;  1867,  p  ^^ 
Sedgwick,  Annals  of  PhOoeophy,  ix.  p.  249.    Moyle,  ComwaU  Geol, 
TVane.,  ii.  pp.  206—6.    Boase,  Ibid,  nr.  pp.  290—2,  304 — 7 ;  PrifMm 
Geology,  pp.  181,-6,-8.    Bennetts,  Phil.  Mag.  ^  Annate,  ni.  PP-  ^^ 
-18.  Burr,  Praetioal  Geology,  pp.  286—8,  PL  IF.  V. ;  Mining  Review, 
m.  pp.  226,-32.    De  laBeche,  Geology  of  Cornwall,  40.,  PP-  ^76— 
7,  306— 7.— 10,— 24,— 9,— 33,— 7,— 40,  404.    Henwood,  Proceeding* 
of  the  Geological  Society  i.  pp.  405—6;  Cornwall  Geol.  Trane.,  m*  PP* 
203—7,  329—31 ;  it.  pp.  67—60 ;  v.  pp.  69— 92»,  396—9, 417—26,— 
32—4,-70—1,   l^Mblee  LVIIL—LXIX.,  PL  VII.,  VIII.    MichcU, 
Manual  of  Mineralogy,  pp.  27—40, 52,  63,  86 ;  ComwaU  GeoL  Trant., 
III.  p.  338.    Evan  Hopkins,  Connexion  of  Geology  with  Terrettrtal 
Magnetiem,  p.  50,  PL  VIII.    Francis,  Gwennap,  pp.  4, 11,  21.  38, 63. 
94.    (Captain)  William  Francis,  RiporU  of  the  Cornwall  Polytechnic 
Society,  xiv.  p.  4.    Sorby,  Quarterly  Journal  of  the  GeoL  Soe.,  xi^* 
pp.  485—6,-92-4,  PL  XIX.,  Fig.  107-8-9.    Garby,  Cornwall  Geol. 
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than    one    hundred   Companies  were  organized   for 

Drana,,  ti.  p.  265 ;  Tii.  pp.  78—5,  81—92.  Charles  Thomaa,  Remarki 
on  the  Qtahgy  of  ComwaU  and  Devon,  pp.  4,  14, 16,  20,-2.  Salmon, 
Mimng  and  SmdHng  Magazine^  i.  p.  316;  ii.  pp.  140—8;  v.  p.  828. 
Smjth,  Hid,  T.  pp.  193—6 ;  ReporU  of  the  Britieh  Aseoeitttion,  1864, 
Part  II.  p.  70.  Lyell,  liid,  p.  lxv.  HiUer,  Ihid,  Part  ii.  p  35.  Pearee, 
Journal  of  the  Royal  Imtiiution  of  Comwda,  I.  p.  53.  Report  of  Com- 
miaeionert  on  Minee  in  Great  Britain^  Appendix  B,  Section  of  Working! 
in  Poidice  fSt,  Day  United  Minee).    Ante,  p.  114.) 

At  Wheal  Butter,  one  of  the  lodee,  wrought  in  granite,  from  July,  1849,  to 
Hay,  1861,  yielded— 

tons  per  ton 

82,609-4  of  copper-ore,  which  (ayeraging  £5  15  8+)  realixed  £477,886 

621-8  „  tin-ore,          „             „          69    9  2+)        „  43,180 

betide  tin.  (^«ft*^J  stone  „      , „  2,235 

The  Royalties  (Dues,  for  great  part  of  the  time  l-16th,  ) 

but  towards  the  last  l-30th  of  the  produce),  together  \     £279,909 
with  the  salaries,  wages,  materials,  &c.,  amounted  to  ) 
n    Profit  divided  amongst  the  Shareholders        „         . .       243,392 

>  £523,801 

BiOHABO  Davit,  Esq.,  M.P.,  F.O.S.,  of  Boohym,  MSS. 

Treeaioean — wrought  in  granite  on  a  single  fod^— yielded,  ttom  the  beginning 

of  1828  to  October,  1838,  copper-ores  which  realised £720,338 

The  Salaries,  wages,  materials,  and  other  working  costs,  I    ^wa  oaq 

meanwhUe,  amounted  to )    *'3Z6,Z03 

„   Royalty  CDw*; „  .,        86,331 

n   Profit  shared  amongst  the  {  o^o  ^jm 

AdTenturers »  »»  •  •      348,466 

,»   Balance  remaining  in  the  { 

Purser's  hands    ......'  «  •  •  ^,Z^ 


£523,301 


£720,338 


Ma.  Hugh  Phillips,  Accountant  at  the  Mine,  ComtoaU  Geol,  Trans.,  v.  p.  88». 

The  granite  of  Carn  Marth,  the  slate  on  its  northern,  eastern,  and  southern 
slopes,  and  the  elvan-^xvraee  common  to  both,  are  alike  traversed  by  many  lodee; 
which  yield,  general!/,  tin-ore  near  the  surface,  but  copper-ores  at  greater 

The  following  list  of  profits  made  in  the  neighbourhood  from  1800  to  1840 
has  been  compiled  from  the  books  of  the  respective  mines;  all  which  haye 
•ince  been  abandoned. 

Mines.  Rook«.  Profltt. 

SJ«»f?«^' Granite  £260,000 

^Aao/.^/..    „       400,000 

JT^l^       '^    "       •        60,000 

irei*o^6y Granite,  slate,  and  e/mrn 105,000 

^n^r«v     Slateande/«m 42,000 

WhealMaid Slate  200,000 

£1,057,000 


Sir  William  Williams,  Babt.,  of  TreguUow,  MSS. 
QQQ 
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working  copper-mines  on  the  shores  of  Lake  Superior. 


The  Contolidaied  Minea  have  been  worked  In  the  cUy-slate  and  in  the  ehwu 
which  traTene  it ;  on  ae?eral  lodes,  consUting  chieflj  of  qoarto;  mUed,  near 
the  surface,  howeyer,  with  tin-ore  and  the  rarer  compounds  of  copper;  but,  at 
greater  depths,  with  copper-pyrites  only. 

The  cost  of  bringing  the  mines  into  profitable  condition  I   £  55  OOO 

amounted  to « v 

In  twenty-one  years  (1819—1840),  howeTer,  they  yielded — 
tona  per  ton  -^«  ^«r 

299.l84-8of copper-ore, which(avcraging£7  0  4+) realized  2,099,485 

At  the  end  of  that  term  the  Plant,  stores,  &o „  ^^»®^i«  «,.  lat 

During  the  same  period,  the  Salaries,  wages.  >^ountedto  £1.611^90 

and  Materials  ) 

Royalties  (Dtiei)          „  87.153 

Sundrlea  (•xpenditure  at  \  7c  ggg 

the  UniitdMi$M,»ce.)  }  >»  '^' 

.£2,2M,«5 


ff  I* 

II  »l 


Compiled  from  Accounts  of  the  Mines,  by  Hbnry  Thomas,  Esft.,  F.G.S.. 
of  London. 

At  Wheal  rhfYy— worked  late  in  the  last,  and  early  in  the  present,  ®®"^^ 
in  the  slate  series  immediately  east  of,  and  on  the  same  copper-/orfM  ***-7a  a/jo 

Gorlandf  the  Adventurers  shared  a  net  profit  of ^^'  » 

beside  maintaining  operations  on  parallel  tin-lodes  in  rocks  of  the^      -•^qm 
same  system  at  Poldice;  an  adjoining  mine,  wrought,  at  the  same  >     isv^ifw 

time  by  the  same  parties,  at  a  loss  of  nearly ) 

The  total  profit  at  Wheal  Unity,  therefore,  approached  half  a  million  Sterling. 

RiCHABD  Datby,  Esq.,  M.P.,  F.O.S.,  of  Bochym,  M8S. 

Between  Camon  and  Poinf— near  the  head  of  Restronguet-creek  a  navigab  e 
branch  of  Falmouth  harbour^a  rich  and  extensive  deposit  of  (detrital)  tireaf»' 
tin-ore  has  been  wrought,  at  intervals,  for  great  part  of  a  century. 

The  earlier  works—  protected,  as  well  from  the  river  as  the  tide,  by  a  strong 
embankment,  and  open  to  the  day «— were  abandoned  in  1811— 12,  after  hatiog 
yielded  a  profit  ^  of  rather  more  than  £60,000. 

Mr.  WilliaU  Trbbilcock,  (of  Carharrack),  an  Accountant  at  tie 
Works,  M8S. 

In  1824—5  a  shaft  was  sunk  immediately  north  of  the  creek ;  and  (galleriei) 
leveh'-^hich  at  one  and  the  same  time  grazed  the  (shel/J  slate  beneath,  travcrae 

o  "  For  remOTing  the  overHarthefi,  of  mud,  aaod,  and  gravel,  the  workmen  racal»«* 
•hillings  and  tenpence  per  cubic  fathom."— Mh.  Wiluak  Tbbbxuxmjk,  MSB. 

b  "  The  Cakvok  Stream  Workf    •  ♦  ♦    are  nearly  a  mile  in  length  and  thraa  J""     , 
yarda  In  breadth.    The  number  of  men  and  boya  employed  amounted  to  at  leaat  one  huno 
and  fifty;    ♦♦•    the  proprietors  gaining  at  leaat  three  thou«and  poonda  per  annum* 

Matoh,  ObMrvatiofU  on  ths  Wsttem  CovntUt  (1794— «),x.  P-  *'  ' 
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Of   these,   however,   great  numbers  have  been  from 


the  tin^ffraund,  and  skirted  the  oveTlying  beds  a— were  extended  towards  the  south. 
This  experiment  afforded,  in  two  or  three  years,  a  profit  of  £28,000. 

Mr.  Edmund  Michbll,  of  Tretavsan,  a  Shareholder,  MSS. 

Operations  were  resumed  in  1833,  but  so  far  down  the  inlet  that,  even  at  low- 
water,  the  surface  was  never  dry.  Through  a  mound  of  rubbish,  purposely 
heaped  up  in  mid-channel,  an  iron-bound  shaft  was  opened  to  the  ore ;  and  in 
leveig^  extended  on  all  sides,  people  worked  day  and  night,  whilst  ships  passed 
and  re-passed  overhead.    In  1843  the  undertaking  was  abandoned. 

The  entire  produce  realized    , £52,615 

Working  expenses  amounted  to  about     £65,692 

Royalties  fDifMj  2,923 

68,615 


A  lots  was  therefore  incurred  of  some ••   £16,000 

Mb.  Nioholas  Sampaon  Cloak,  Accountant  at  the  Mine,  MSS. 

Thb  Saikt  Aonbs  and  Pbbran-zabulob  Distbxct.  (Tonkin,  Notes  to  Careto*» 
Survey  of  ComvodU — Lord  De  Dunstanville*s  Edition,  pp.  33 — 4, — 6. 
Borlase,  Naiural  History  of  Cornwall,  pp.  76,  110,— 65,-88,*  207. 
Pryce,  Mineraiogia  Comtdnensis,  pp.  20,  58,  84,  107.  Klaproth,  Min- 
erahffieal  ObsenxUtons,  pp.  7f  9,  21,  58.  Warner,  Tour  in  Com%oaU, 
p.  291.  Maton,  Observaiions  on  the  Western  Counties,  I.  pp.  248—54. 
Berger,  Geol.  Trans.  0.8. ,  i  pp.  155, — 62, — 64, — 71.  Oregor,  Annals 
of  Philosophy,  O.8.,  Tni.  p.  277.  William  Phillips,  Oeol  Trans,  O.8., 
IV.  pp.  129—37;  PI.  VII,  Fig.  8.  Lysons,  Comtoall,  pp.  ocv., — Tni. 
Polwhele,  History  of  Cornwall^  iv.  pp.  133—4.  Conybeare,  Geolm 
Trans,,  o.s  ,  iv.  pp.  401—3  ;  Ph  XXIIL  Fig.  2,  3.  Hitchins  &  Drew, 
History  of  Cornwall,  n.  p.  18.  C.  S.  Gilbert,  Historical  Survey  of 
Cornwall,  i.  pp.  219, — 59.  Rashleigh,  British  Mitierals,  i.  pp.  6,  9 — 
13,  38,  40,-8,  50;  ix.  p.  19.  Sedgwick,  Cambridge  Phil,  Trans.,  i. 
pp.  131 — 2.    Came,  ComwaJl  Geol.  Trans.,  i.  pp.  120—21 ;  ii.  pp. 

a  Simitar  operatloni,  on  a  tmall  lateral  eztMi«lon  of  the  tame  deposit  below  Perran  Whsrf. 
pennttted  the  decompotltlon  of  IneumlMnt  Tegetable  matter,  and  the  consequent  escape  of  In- 
flunmable  gat ;  of  which  explosions  sometimes  scorched  the  workmen. 

h  -  The  richest  tin-mine  I  have  ever  hesid  of  ,  as  to  the  quality  of  the  ors,  is  one  In  the  parish 
or  St.  Agnes  •  e  e  called  Polberoa.  Several  psrallel  end  contlguoos  veins,  mostly  of  laige- 
grsin  crystals,  make  the  treasare  of  tin  In  such  quantity,  that.  In  the  year  1760,  they  could 
not  fst  horses  enough  to  carry  the  tin  from  the  mine  to  the  meltlng-house,  but  carried  It  fai 
piooghs  "  (wains  drawn  by  oxen),  *'  a  very  unusual  sight  (though  doubtless  a  more  effectual  and 
•asy  draught,  where  the  ways  will  admit  of  wheels.  Great  part  of  the  ore  was  so  rich  that  it 
nsedcd  not  to  be  stomped,  and  the  lode  was  so  large  that  It  afforded  vast  rocks  of  tin;  one 
rock.  In  March,  1760.  was  brought  to  KlUiniek  meltlng-house  near  Truro,  which  weighed  064 
pounds,  and  It  brought  11^  for  20,  In  the  stoue;  [another]  weighed  1,800  pounds.  It  has  been 
Jadg«d  that  the  late  Hr.  Denithome,  who  had  the  whole  adTenture,  and  worked  It  at  his  sole 
expeoK,  In  a  few  years  last  past,  got  at  least  £40,000  clear  by  the  mine." 

BoRLAsa,  Natural  HUtory,  p.  188. 


\ 
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time  to  time  abandoned,  after  short — and,  perhaps, 


65,  74,  80.— 6— 92,— 4— 6.— 7,  108,— 4,— 8,— 11— 18,— 20.— 6-7; 
HI.  pp.  69,  77,  229.  John  MicheU.  Mamuai  of  Mineraiogy^  pp.  9,  11,  ^ 
12.  19, 20,-5,  82.-7,  61—2,78,  85.  Hawkins,  CamwaU  GeU.  TVom,/ 
III.  p.  11.  Fox.  PMi.  Trant.,  oxx.  pp.  401,— 11,— 18;  ComwaUCM. 
TVmu.,  III.  p.  314.  Ton  Oeynhauten  A  Ton  Deehen,  PMl'  Mag.  ^  Atmab, 
V.  pp.  169—70.  Boa«e,  ComwaU  Qeol,  Trans.,  tv.  pp.  298—804,-97 
—405;  Primary  Geology,  pp.  169,-87.  De  U  Beche,  Beport  an  the 
Geology  of  ComwaU,  &c.,  pp.  162,-77—8,  288, — 4,-8,  305,-16,- 
17,— 27,— 36, 611.  Sedgwick  ft  Murchison,  Oeol,  Tratne.,  w^m  ▼.  PP- 
667—8.  Davey,  ComwaU  GeoL  2V»n«.,  it.  pp.  484—6.  Henwood, 
Proceedinge  of  the  Geol.  Soe,,  i.  p.  406 ,  ReporU  of  the  SriHMh  Atto- 
eiation,  ti.  Part  ii.  p.  74 ;  Edinburgh  New  PhU,  Journal,  xxii.  p.  1« ; 
ComwaUGeol,  Trane., t.  pp,  93—114, 899— 400,— 72— 3,  Tabiea LXX, 
^LXXXni.  PI.  IX,  Fig.  1—9;  Reports  of  the  Royal  Inetitution  of 
Comi«i«,xXT.pp,64— 6.  Whitley,  iWJ,  pp.  34— 7.  Bichard Thomas, 
Mining  Review,  u.  pp.  266—74 ;  ComwaU  Geol.  TV-ans.  T.  pp.  ^8,  111 
—12.  Robert  MicheU,  IHd,  p.  268.  Williame,  Ibid,  vi.  p.  181. 
Tweedy,  Reporti  of  the  Royal  InetituHon  of  CormoaU,  xxi.  p.  44, 
Haslam,  Perran^eabuloe,  pp.  40—1.  Garby,  ComwaU  GeoL  Trans., 
vn.  pp.  76—9,  81—8.  21—2.  Smyth,  Ibid,  pp.  382—6.  Arundell. 
Pick  ^  Gad,  i.  pp.  2,  51—4,  111.  Charles  Thomas,  Rsmarks  on  the 
Geology  of  ComwaU  and  Devon,  pp.  19,  20.  Pearce,  Reports  of  the 
Royal  Institution  of  ComwaU,  xliii.  p.  84.  Blight,  Churches  of  Went 
ComwaU,  pp.  89—90.    Ante,  pp.  110—11.) 

Wheal  TbiMin— worked  nntil  1815,  in  slate,  and  mostly  on  one  lode^jielded 
a  profit  of  £127,000 ;  of  which  the  late  R,  A.  Daniel,  Esq.,  of  TreUssick  in  Feock, 
reeeited  three-quarters. 

Captain  Nicholas  Vivian — sometime  Manager  of  the  Mine — HSS. 
East  Wheal  i2(»0— wrought  in  clay-slate- yielded,  between  June,  1834,  and 

April,  1855,  lead  and  siWer  ores  which  realized £799,595 

The  Salaries,  wages,  materials,  ftc,  amounted  to  ......  £471,860 

„    Royalties  rX>M««; „  63,178 

„   Profit  (ranging  from  €2,944  I  „- .  ^^^ 

to  £62,928  per  annum....  J         "  274,660 

£799,588 

Edwabd  Micbbll,  Esa.,  of  Mitchell  HiU,  near  Truro, 
Purser  of  the  Mine,  MSS. 

Thb  St.  Austell  Distbigt.    (Borlase,  Natural  History  of  ComwaU,  pp-  96, 
151,— 62— 3,— 89,0  214.    Pryce,  Mineralogia  Comubiensis,  pp.  82,  68, 

a  **  The  mine  which  hat  turned  ont  the  mott  ^aln,  and  the  greatest  quantity  of  tin  yet  knovo* 
li  '  Polgooth'  In  the  parlih  of  St.  Mewan,  where  it  appean  by  the  old  books,  that  the  adrea- 
turen  have  got  £90,000  annually  for  a  great  number  of  yean  tonowlng.*'^L§U9r  f^em  V 
W.  RosWASK  of  Truro,  Feb.  II,  1766.    BoaLASS,  Naturai  Eistenf,  p.  189. 
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insufficient — trial ;    although  many  are  still  wrought 


123.  Jars,  Voyages  MitoUurgiffuea,  iii.  pp.  108, — 90.  Klaproth, 
Minemloffieal  Observaiums,  pp.  10,  18.  Warner,  Tour  in  Cornwall, 
pp.  96—102.  Polwhele,  HUtory  of  Comtoall,  in  p.  10 ;  iv.  pp  133-5. 
Thomson,  Annah  of  Philosophy^  ix.  p.  347>  Oregor,  PhiL  Trant., 
XCT.  p.  331;  Cornwall  Oeol.  Trana.,  i..p.  224.  Maton,  Observations 
on  the  Western  Counties,  i.  pp.  161—69.   Bashleigh,  British  Minerals, 

I.  pp.  1—8,  11, 17,  48;  II.  p.  20,  PL  XXL;  Cornwall  Geol,  Thins., 

II.  pp.  281 — 4.    Berger,  Geol.  Trans  ,  o.s.,  i.  pp.  126,— 62,— 9,— 79. 
Hdron  de  Yillefosse,  Richesse  Miniral,  n.  p.  364.     De  Luo,  MinerO' 
logical  Travels,  iii.  pp.  339—49.      Lysons,  Cornwall,  pp.  coy., — ^xi. 
PI.  11.    Sedgwick,  Cambridge  PhU,  Trans.,  I.  pp.  104—6,-8;  Pro- 
ceedings of  the  Oeol^  Soc.,  i.  p.  283 ;  Phil.  Mag.  ^  Annals,  ix.  p.  284 ; 
Quarterly  Journal  of  the  Oeol,  Soe,,  Yin.  pp.  9 — 11 ;  Oeol.  Trans,,  N.8., 
m.  pp.  482—4.     Smith,  Geol,  Trans,  o.s.,  iv.  pp.  404 — 8.    Hitchins 
&  Drew,  History  of  Cornwall,  ii.  pp.  61—71.    C.  S.  Gilbert,  Historical 
Survey  of  Cornwall,  i.  pp.  219, — 27, — 48.    Hawkins,  Cornwall  Oeol. 
TVans.,  i.  pp.  143-.63,   PI.  V.;   ii.  pp.  286—9;    iv.  pp.  476—80. 
Majendie,  Ihid,  I.  p.  237.    Carne,  Ibid,  ii.  pp.  87—9,  90—4,  103—7, 
—11,— 18,— 27.    Michell,  Momual  of  Mineralogy,  pp.  21,-6,-8,  39, 
60—1,  62 — 4,  71,-3,  82,-6.   DaTis, Mining  Review,  lY.  p.  111.    Yon 
Oeynhansen  &  TonDeohen,  Phil.  Mag.  ^  Annals,  y.  pp.  241-3.  Colenso, 
Cornwall  Oeol.  Trans.,  iy.  pp.  21 — 30,  PI.  I.    Boase,  Ibid,  pp.  236— 
62,-80—1,  379—82,  404;  Lond.  Edin.  ^  Dublin  Phil,  Mag.,  yii.  pp. 
379,  460 ;  x.  p.  360.    De  la  Beche,  Report  on  the  Geology  of  Cornwall, 
Ac.,  pp.  81—3,  169— 60,— 81— 3,-6.— 9,  284,-8,  302— 6,— 10.— 27 
—9,— 82,— 4,— 46— 7,— 67,  401—3,  601,-61-2,  608—6,  PI.  X.  XI. 
Sedgwick  &  Murchison,  Geol.  Trans.,  N.B.,  Y.  pp.  664—9.     Winn, 
Reports  of  the  Royal  InstittUion  of  Cornwall,  xxi.    Henwood,  Edin. 
New  PhU.  Journal,  xxii.  pp.  64.-6 ;  Reports  of  the  Royal  Institution 
of  Cornwall,  xxi.  pp.  64 — 6 ;  Cornwall  Geol.  TVofw.,  iy.  pp.  60—4 ;  Y. 
pp.  116—30,  400,-74.  Bichd.  Taylor.  Ibid,  yi.  p.  99.  David  WiUiams, 
Jbid,  pp.  334—6.  Stocker,  Reports  of  the  Cornwall  Polytechnic  Society, 
XX.  pp.  77^96.    Sorby,  Quarterly  Journal  of  the  Oeol.  Soc.,  xiy.  pp. 
86—7.  492—4,  PI.  XIX.  Fig.  Ill,— 17,— 19.    Charles  Thomas,  -Re- 
mark on  the  Geology  of  Cornwall  and  Devon,  pp.  16,  20 — 1.    Arundell, 
Pick  i  Gad,  i.  pp.  2,  63, 108—9.    Pearce,  Reports  of  the  Royal  Insti- 
tution of  Cornwall,  xuii.  p.  36 ;    Journal  of  the  Royal  Institution  of 
Cornwall,  i.  p.  224.    R.  H.  Williams,  Reports  of  the  Royal  Institution 
of  Cornwall,  xxxix.  p.  32;  xly.  pp.  44—7,  PI.  V.-,  Salmon,  Mining 
and  Smelting  Magazine,  y.  p.  330 ;  Maskelyne,  Proceedings  of  the  Royal 
Society,  xiy.  pp.  86—9,  892 — 400.    Ante,  p.  118.) 

The  Crennis  lode^which  was  wrought  in  clay-slate,  immediately  beneath 
certain  long-known  fossiliferous  strata, — afforded  in 

RRR 
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with  reasonable  prospects  of  success.     But,  amongst 


1811,  ftt  IflM  thftB  U ftjJJjJUjI  I g.u!?4 of  eoiipei^on,  which  (wren^taw  ^1*8  »)  "•«»•»  ^'»« 

*""•  l!£5i«|«    ^•^     >«•»»••  -  -  8    8  7)       n         «*« 

1818.  „        '84        „         8,804-5  „  „  6  19  8)        „         JO^ 

1814,  „  88        „        10.451-8  „  „  8    1  4)       ».  »«» 

1818.  (8  months)    „        „         8,966-8  „  „  fi  14  8)       ••         "^*^ 

89,247,8  ,.  „       £7  12  1+)      „  £298516 

The  profit  wat  about  £120,000. 

Wood  (Hitorin8  ft  Duw'8),  HiHary  of  ComteaU,  n.  p.  70  (Abatrict). 

Whilst  the  Property-Uz  (of  ten  per  cent,)  continued,  the  Duet  were  (1-8  & 
1-80)  elefen-eightieths,  but  on  its  abolition  (in  1814)  they  were  reduced  to  one- 
eighth,  of  the  produce. — William  PBTHBaiox,  Eaa.,  of  St.  Austell,  MSS.- 

The  Fowey  CotuoKdaied  Minet  have  been  worked  from  1815  until  now  (1866) 
on  many  lodes,  in  clay-slate,  alternating,  here  and  there,  with  thin  beds  of  msi- 
siTO  felspar. 

From  1816  to  1842  they  afforded 
tOM  per  ton  .  .,. 

234.486*4  of  copper-ore,  which  (sTcraging  about  £6  1  4)  realised..  £l,422,o<)4 

The  Landlords  receiTcd  as  Royalties  (Dues) £96,61 1 

„  „        for  damage  to  the  surface..      2,436 

£98,047 

„    Machinery,  materials,  &c.,  cost 237,706 

„   Salaries,  wages,  &c,  amounted  to £902,191 

„    Medical  attendance  cost •         4,694 

■  006,886 

„   Profits  divided  amongst  the  Adventurers  •  • .  •  £178,914 

„       „     deposited  as  a  Beser?e  ftind •         6,082 

■  179,996 

___  £1,422,6S< 

"  In  1842  the  engines,  tools,  and  material8  on  the  mines  were  worth  £60,000. 
Petition  to  Parliament  by  Joseph  Thoica8  Trbffbt,  Esa.  (Abstract j. 

Trb  Casadon  District.  (Borlase,  AnJtiquitiee  of  Comwdtt,  p.  173,  P/.  ^^'* 
Fig.  1,  Lysons,  Cornwall,  OLxxxiv.,  198,  PI.  VIIL  Mac  Culloch, 
GeoL  Trans.,  o.s.,  n.  p.  169.  C.  8.  Gilbert,  Historical  Survey  of 
Cornwall^  i.  pp.  171—8,  247;  ii.  p.  479.  Rogers,  ComwaU  OeoL 
Ihms.  II.  pp.  218—21.  Bond,  Historical  Sketches  of  East  and  WsU 
Looe,  pp.  203—16.  Boase,  ComwaU  Geol.  Trans.,  rr.  pp.  208—10. 
De  la  Beche,  Report  on  the  Qeology  of  ComwaU,  ftc,  pp.  159,— 8^* 
WhiUey,  Oeoloyical  Map  of  the  Caradon  Mining  Distriet,  Allen, 
History  of  Liskeard,  pp.  4,  27,  83,  204,  394— 402.— 18— 82.  ThomM. 
Remarks  on  the  Geology  of  Cornwall  and  Devon,  p.  15.    ArundeU, 
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them  ally  no  more  than  eight   have  hitherto   given 


Pick  and  Oad,  pp.  3,  64,  108.    Giles,  Cornwall  Q90I.  Trans,,  tit.  pp. 
158,-98,  207.     Salmon,  Mining  and  Smelting  Magazine,  xi.  pp.  78 — 
83,  342;  in.  p.  364;  ▼.  p.  381.     Anie,  p.  120,  Poetea.J 
Sonih  Caradon  is  worked  in  the  granite,  on  several  lodet,  which  contain  copper 
and  its  ores  in  abundance. 

^j^^s^^IsS-m!!  i  ^"^  •'^^»  ^'^«  amounted  to   £1,001,636 

n  „  „  working  expenses haye  been..  £676«088 

99  »9  »•   Royalties  (Duet)        „        . .       64,931 

f>  »  „   ProfiU  „        ..      271,617 

£1,001,636 

PxTBB  Cltmo,  Esq.,  Manager  and  Purser  of  the  Mine,  M8S. 

Tab  Calzjnoton  and  Tayistook  Distriot.  (Holinshed,  Chronicle  (Edit. 
1837).  II.  p.  646.  Polwhele,  Eietorieal  Survey  of  Devonshire,  i.  p.  110; 
History  of  Devonshire,  1,  pp.  69—72 ;  History  of  Cornwall,  iv.  pp. 
133—6.  Maton,  Observations  on  the  Western  Counties,  i.  pp.  296—300. 
Berger,  Geol,  Trans,,  0.8.,  i.  pp.  120 — 2,— 68,— 73.  Thomson,  Annals 
of  Philosophy,  II.  p.  361.  Lysons,  Cornwall,  pp.  covi. — x. ;  Devon- 
shire,  I.  pp.  OOLXZZ. — xa  Taylor,  Qeol.  Trims.,  0.8.,  iy.  pp.  147—62, 
PL  VIII,  Sedgwick,  Cambridge  Phil  TVans.,  i.  p.  96.  Came,  Corn- 
wall Geol,  TVafM.,  i.  pp.  122—4;  11.  p.  104.  Bees,  Cyelopmdia,  xziii. 
Article  Mikiko;  xxxii.  Article  Siltbb.  C.  S.  Gilbert,  Historical 
Survey  of  Cornwall^  I.  pp.  172—3,  219.  Bond,  Historical  Sketches  of 
East  and  West  Looe,  p.  110.  Michell,  Manual  of  Mineralogy,  pp.  11 
21,-8,  32,-3,-6,  79,  88,-9.  Prideauz,  Transactions  of  the  Plymouth 
Institution,  i.  pp.  23,-6 — 30.  Bray,  Borders  of  the  Tamar  and  Tavy, 
I.  pp.  240,  310.  Fox,  Cornwall  Geol  Trans,,  lit.  pp.  314,-21.  Boase, 
Ibid,  IT.  pp.  220-3 ;  Prunary  Geology,  p.  186.  De  la  Beche,  Researches 
in  Theoretical  Geology,  pp.  219,  386 ;  Report  on  the  Geology  of  Com- 
waU,  &o.,  pp.  61-2,  117.— 19-22,— 41-3,— 66-7,— 83-6,  296,  301-2, 
401, — 98 ;  Inaugural  Discourse  at  the  Government  School  of  Mines,  p. 
10.  Burr,  Mining  Review,  in.  pp.  228,-32.  John  Phillips,  Palesoxoic 
Fossils  of  Cornwall,  Devon,  and  West  Somerset,  pp.  198,  201.  Tooke, 
Mining  Almanack  for  1849,  pp.  241-9.  Sedgwick  &  Murchison,  GeoL 
TVans,,  N.8.,  t.  pp.  669-70, — 86-6.  Henwood,  Proceedings  of  the 
Geol,  Soc,,  I.  p.  406;  Cornwall  Geol,  Trans,,  iv.  p.  26  ;  ▼.  pp.  131 — 
42,— 68,  400-1,— 76-6.  Tables  XCI.-^VIIL,  PL  X,  Hoyre,  Perambu- 
lation of  Dartmoor,  pp.  8,  232,-91-8  (Moore,  Appendix  I.),  249-67. 
Leifchild,  Encyclopiedia  Britannica,  xv.  pp.  226-6.  Ormerod,  Quarterly 
Journal  of  the  Geol,  Soc.,  xt.  pp.  16-23,  189-90.  Ar^ndell,  Pick  and 
Gad,  I.  pp.  3,  61, — 4, 106-6.  Charles  Thomas,  Remarks  on  the  Geology 
of  Cornwall  and  Devon,  pp.  7.  8,  16,  20.  Pengelly,  Reports  of  the 
British  Association  for  1861,  Part  11.  pp.  127-9 ;  Cornwall  GeoL  Irons., 
Tii.  p.  419.  Salmon,  Mining  and  Smelting  Magazine,  v.  p.  331.  Report 
of  Commissioners  on  Mines  in  Great  Britain  (Appendix  B),  pp.  313-21. 
Ante,  pp.  109-10,— 14-16,— 44.) 

"  Gunnis  Lake — ^worked  in  granite,  immediately  west  of  the  Tamar— afforded 
>  profit  of  £37,000.'*— Si&  William  Williams,  Babt.,  of  Tregullow,  MSS. 

The  Devonshire  Great  Consolidated  Copper-Mines^^yrhich.  have  been  worked 
m  cUy-slate  with  the  following  results,— are  still  the  richest  copper-works  in 
Europe. 
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dividends;     and    even    of    these    seven    only    have 


Yegn. 

1865 
6 
7 
8 
9 

1860 
1 
2 
3 
4 
6 
6 

7 
8 
9 
1860 
1 
2 
3 
4 
6 

Totals 


Copper- 
(pyrlios) 

ore. 
Tons.  Jv. 


Keceipts. 

A 


Proceeds. 


401 

13967 

16118 

16134 

17410 

16204 

18166 

19894 

21931 

26698 

24073 

26119 

30278 

26431 

24729 
23981 

22926 

21898 

26864 

28176 

27076 


444,341 


£ 
4314 

116069 

93610 

102938 

101032 

104666 

117408 

118334 

147647 

163837 

162489 

140844 

169432 

138367 

119497 

116286 

106366 

103330 

118480 

130176 

134796 


Sundries. 


2.480,790 


£ 
1024 

2437 

8262 

3884 

1473 

620 

724 

601 

930 

1686 

876 

1064 

1466 

2074 

11861 

8698 

2376 

1446 

1666 

2036 

3888 


Totals. 


48,869 


£ 
6338 

118606 

96862 

106817 

102606 

106176 

118132 

118936 

148677 

166423 

163364 

141898 

160897 

140431 

131368 

118883 

110742 

104776 

120146 

132210 

138684 


Expenditure. 

^ 


Salaries    ilCaterlals 


and 
Wages. 


£ 
2606 

30690 

49110 

67086 

61810 

49897 

62609 

61931 

68269 

76116 

64862 

63028 

61777 

63387 

47672 

60084 

43349 

41696 

42396 

61420 

66310 


•ad 
sundries. 


2,629,659  1,064,696 


7 
6164 

15377 
16661 
14242 
11683 
12344 
12606 
12992 
16268 
14693 
12991 
10663 
22448 
26646 
18730 
11062 
8923 
10266 
14219 
12923 


Rojalty 

CDue$J. 


279,777 


8322 
7189 
7882 
7628 
7906 
8960 
9027 
10966 
12117 
11686 
10770 
11625 
11377 
9667 
9288 
9117 
8621 
9694 
10604 
11220 


Profi'.. 

Totals. 

£ 

2612 

£ 

272^ 

46066 

7344) 

71676 

251S6 

80628 

2em 

73680 

2882d 

69486 

35689 

73813 

44319 

73563 

45372 

92227 

66350 

102600 

62923 

91241 

62123 

86784 

6511  < 

84065 

76832 

87212 

63219 

83676 

47683 

78102 

40781 

63618 

47224 

59039 

45737 

62246 

67900 

76148 

5B067 

80458 

68231 

193,266 


1.537,729991.930 

Ahstrcud  of  the  Annual  Accounts,  from  the  commencement  ofcperationt  to  the  endo/l^^'^ 
printed  for  circulation  amonget  the  Shareholders^ 

On  an  average,  therefore  each  ton  of  ore  cost.. £3    9    3. 

9t  M  II  was  sold  for  ••••      6  11     8. 

For  this  important  account  the  Author  is  obliged  to  Joseph  Matthews,  Esq.,  of  Tavistock- 
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yet   yielded   profit  to   the  shareholders.* 


Wkeal  Friendtk^^  U  wrought  in  elay-slate;  interlaid,  at  intwTals,  with  thin 
beds  of  carbonaceous  matter.  The  earliest  and  largest  works  were,  in  great 
measure  9  confined  to  one  lod$,  but  of  late  a  eecond  has  been  opened  to  adfsn- 
tag«.  Both  are  intersected  by  scTeral  croM-eoiirsef  ;  one  of  which  has  afforded 
great  quantities  of  lead-ore,  both  here  and  in  (WhmU  JMi^J  an  acQoining  mine. 

From  tho  beginning  of  1800  to  the  end  of  1866  the  returns  were-* 
Copper-ore •  •  145,803*1  tons  fAv,J 

Lead-     H      l|l70-4 

Tin.        „      1620 

Arsenie-M      4,342-7 

The  machinery,  materials,  salaries,  wages,  &c,  amounted  to  £970,268 

Royalties  rDiMi^ „  111,888 

Profit  divided  amongst  the  Adventurers  „  289,808 

£1,371.964 


t9 


»t 


O  1 

} 


Which  reaUaed«.  £1,371,964 


JosaPH  Mattkbws,  Bta.,  of  Tavistock,  Purser  of  the  Mine. 

*  "  Within  the  last  twenty  years,  something  over  a  hundred  different  companies 
haTO  been  organised  for  the  purpose  of  mining  on  Lake  Superior,  and  calls  have 
been  made  on  their  stockholders  to  the  extent  of  about  thirteen  million  dollars 
(£2,708,383  Stg.);  out  of  them  all,  only  eight  have  ever  made  any  dividends; 
not  because  of  the  price  of  copper,  but  for  want  of  sufficient  product.  These 
eight  companies  have  called  for  and  returned  the  following  amounts. — 

AM»eumtnU»  DitidtndM. 

Pittsbunr  &  I  dolten  £  dollan  £ 

Boston . .  \  ^»*"8  Oompwiy.  110,000  (  22,917  Stg.)  2,160,000  (     460,000  Stg.) 


Minneeota  .. 
Quiney  .... 
Pewabic  •••• 
National  •••• 
Prnnklin.... 
Central  •••• 
Copper  Falls. 


$t 


If 
If 
It 
ft 


366.000  (  76,260 
200,000  (  41,666 
76.000  (  16,625 
110,000  (  22,917 
170.000  (  36.417 
100.000  (  20,833 
490,000  (102,083 


»> 


»i 
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Mfsmonrndum  of  the  Smelters  and  Meuiufaeturert  of  Copper;  eubmiUed  to  the 
Rq^reeentaHvet  of  the  United  StaUe^  by  S.  T.  Smow,  Esq.,  of  the  Revere 
Copper  Company. 
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(rf.)  At  the  South  aiff  mine  (Table  XIIL)»  a 
deposit  of  (drift)  boulders,  shingle,  gravel,  and  sand, 
of  more  than  fifty  feet  in  thickness,  overlies  the  rocks;* 
which— like  those  of  the  Cliff  mine  immediately  north, 
— consist  of  alternating  and  somewhat  ill-defined  bands 
of  granular  and  amygdaloidal  trap ;  dipping — as  they 
also  dip— 26o-30*  towards  the  north.f  But,  inasmuch 
as  the  boundary  between  the  mines  is  a  vertical  one, 
the  upper  parts  of  certain  beds  are  in  one  mine,  and 
the  lower  in  another. 

The  only  lode—o(  which  the  adjoining  portion  is 
wrought  in  the  CTt^ mine— still  bears  2V  W.of  N.— 
E.  of  S. ;  dips  76*-86*  E. ;  J  and— varying  from  about 
twenty  inches  to  three  feet  and  a  half — ^averages  nearly 
two  feet,  in  width. 

CSalcareous-spar,  quartz,  and  chlorite  are  abundant ;  ^ 
and  prehnite  is  a  large — sometimes  indeed  it  becomes 
the  largest — ingredient ;  but  Laumonite,  zeolite,  labra- 

i  ■    - 

In  the  Liibume  iead-minei  (Oardigaiuihire)  the  produce,  expenditore,  aod 
profits  during  1857>— 8,^9,  irere 


AXOUVTt. 


ProduM. 
iemO07 


^ 


Piollt 
£94»80O 


Worktng-oottB.  I  RoyaltiM  CJhmJ, 
£m;Ml        I  419,816 

PBOPosnoiii. 
0«06  I  (HMB  O-MM 

MoiBSBiiBTy  Annalea  de»  Mmea,  6me  86rie,  n.  p.  122, 
*  **  A  Shalt  was  sunk  through  from  8  to  12  feet  of  sand,  mnd  then  throngb 
quicksand,  until  the  stratum  of  Aard-pan  was  struck  lying  directlj  on  the  roek, 
which,  itself,  was  52  feet  from  the  surface." 

Wbitnbt,  MttaUie  WnUh  of  iMs  Umied  SiaUf,  p.  ^* 
**  Les  premiers  trayaux  out  eu  trarers^  les  18  mitres  (59-8  feet)  d'alloTiom 
qui  oouYrent  la  vailed." — RiTOT|  Annak$  det  3iin«i,  6me  S^ie,  yii.  p.  815. 

*'  Many  loose  masses  of  natlye  copper,  some  of  which  contained  silyer,  and 
were  of  large  sise,  were  picked  up." 

Whitnxt,  Mtuaiic  Weahh  of  tht  United  SiaUt,  p.  2^^* 
tilfi/«,p.422.    lJbid,i2Z. 
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dorite,  hornblende,  and  epidote  are  of  merely  local 
occurrence.*  Large,  rough,  lenticular  bodies  of  trap, 
here  and  there,  divide  the  lode ;  f  and — especially 
where  the  adjoining  (Country)  beds  are  granular, — 
smaller  masses  of  kindred  rocks,  cemented  by,  and 
impregnated  with,  the  other  vein-stones,  give  it  a 
brecciated  character.:};  Both  the  included  masses  and 
tlie  contiguous  bands  of  trap,  are  traversed  by  short, 
narrow,  veins  of  crystallized  prehnite.  Amougst  them- 
selves the  aggregated  prisms  generally  preserve  a 
tolerable  parallelism ;  though  small  groups  of  divergent 
crystals  occur  at  intervals ;  for  the  most  part,  however, 
they  are  disposed  at  considerable  angles  to  the  (walls) 
sidcs.^  Minute  wedge-shaped  bits  of  trap,  and — in 
and  near  the  longitudinal  joints — granules  of  copper, 

•  AnU^  pp.  423—4. 

t  *'  Van  le  nord,  le  filon  est  difit^  en  deux  veines  qui  reonissent  yen  le 
milieu  de  U  partie  explored,  en  pr^aentant  un  renflement  eztr^mement  riche." 

RxvoT,  Annalet  de»  Mines,  6me  S^rie,  yii.  p.  315. 

X  **  Many  of  the  yeina  have  a  more  or  leis  brecciated  character;  that  ii,  they 
appear  to  be  made  up  in  a  considerable  degree  of  fragments  of  the  adjoining 
rocks,  cemented  by  the  same  Teinstone  as  occurs  in  other  yeins." 

Whitney^  Metallic  Wealth  of  the  United  States,  p.  259. 

"  Dans  le  trapp  eompacte,  grenu,  amygdaloide.  la  gangue  est  formed  de  eal- 
caire,  de  quarts,  de  feldspath,  de  chlorite,  et  des  fragments  et  d6bris  des  rochea 
encaissantes-" — Rivot,  Annates  des  Mines,  6mt  S^rie,  yii.  p.  264. 

i  **  The  quarts  in  the  cross-courses  is  yery  peculiar  in  its  crystalline  structure, 
Laying  a  fibrous,  striated,  or  radiated  appearance,  with  the  axes  of  the  crystals, 
when  not  much  radiated,  nearly  at  right  angles  to  the  direction  of  the  sides  of 
the  yeins.  •  *  *  The  erost'eourse  spar  usually  shows  diyisions  or  Joints  at 
right  angles,  and  consequently  parallel  to  the  sides  of  the  yeins,  as  represented 
hjjgff.  18,  Plate  VL" 

Fox,  Report  of  the  Royal  Cornwall  Polytechnic  Society,  it.  p.  89. 

De  la  Beche,  R^xni  on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset ^ 
pp.339— 42.  Phillipe,  Cabinet  Cychptedia,  Geolooy,  li.  p.  132.  Uenwood, 
Vornvalt  Geol.  Trans.,  y.  p.  261. 
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are — so  to  speak — entangled  in  the  crystals  of  preli- 
nite.* 

/V    2''>  ^81  tODTH  CI,irr  MTIt«. 

A  vtin  of  pnhniU  btlietn  w«IU  ^  Ir^p. 


(Bull— ona-half-l     . 
Tb*  *ni>Il  dwk  trl^Dgle,  witliiii  Ctt  group  ot  raduting  erfiUla,  rcpnMD^  > 
ninuu  migt  of  trip. 

Othir  (poll  denote  grdoi  of  niUTB-ooppw, 

No  Other  part  of  the  district  has  afforded,  at  similar 
depths,  so  many  large  masses  of  copper  as  the  uppci 
levels  of  this  raiDe;t  the  heaviest  occurring  in  those 

•  "  The  TClnitono  of  thi*  mine,  near  the  inTfice,  fumiibed  bckutiftil  gpeawf 
of  prchnitt  with  CTjititliied  copper.    Au  intereiling  (pecimeo  of  *•>•  '""^ 


mintnl  In  iidiitcd  nodulei  Id  perfeotly  pure  inetiiUio  coppor  IFiff-  23)  '•^_ 
worth;  of  notice,  u  throwicg  light  on  the  origin  of  the  metal  Id  the  ^v''*'' 

WaiTMET,  ititalUe  Wealth  of  ISt  United  Statu,  P-  »'■ 

t  In  FebroMy,  1864,  "  tbe  whoU  ■mount  of  ground  opened  lo  driring  •** 
TIG  feet;  erou-cuttlng,  76  feeti  ibkiiig  in  rock  4SB  feel;  itoping  12B  &t'""°*' 
From  tlieie  working!  the  eiuiordiakr;  imoant  of  506,000  lb*.  (22fi8  9  too*  ^^•> 
of  itnff,  Tielding  67^  per  oetit.  of  copper  htd  been  taken. 

'*  The  lu-geit  mui  [until  iben]  obeerred  on  Lake  Snperier,  wa*  thrown  do*^ 
in  thlf  mine  on  4th  Julj,  18£3  ;  it  wu  about  40  feet  long,  20  high,  and  auppi^ 
to  aierue  2  in  Ibickneat.    In  weigbt  waa  ealimatfd  at  from  IfO  to  WO  too*' 

Ibid,  p.  «»■ 

"  Lea  maaeee  de  cultre  lont  nombreuiea  et  d«  grandee  dimtnalona.    J'*' 
en  place  dan*  la  mine,  on  gro*  block  d6j&  d£gag^  lar  environ  SO  mitiM  (" 
fathoma)  bb  hauteor  et  7  &  9  mitre*  (38  to  49  fatboma)  an  direction ;  aon  ipaif 
acur,  trtciariable,  alteinl  2  m«tre>  {«&  feet)  en  pluatirr*  poiDla." 

Bitot,  AnnaUt  dtt  liinti,  Gm<  Sfrie,  Tii.  p-  M^- 
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rich  shoots  of  vein*8tODe  which — situate  on  the  boun- 
dary— belong  to  the  South  Cliff  at  and  near  the  sur- 
face, but  to  the  Cliff  at  greater  depths. 

Ontonagon. 

(je.)  The  Toltec  mine — some  twelve  or  thirteen 
miles  south-east  of  the  harbour  (mouth)  of  Ontonagon 
— is  opened  in  alternating  beds  of  granular  and  amyg- 
daloidal  trap;  composed  mostly  of  hornblende  and 
labradorite,  mixed  often  with  either  epidote  or  chlorite, 
and  sometimes  with  both. 

The  principal  lode — maintaining  much  the  same 
strike  as  the  adjoining  trap-rocks,  but  more  highly 
inclined  than  they, — bears  slightly  N.  of  E. — S.  of  W. ; 
dips  55" — 65**  N. ;  and  varies  in  width,  from  a  few 
inches  in  some,  to  several  feet  in  other,  places.  Its 
chief  ingredients  are  quartz  and  calcareous-spar ;  but 
prehnite  is  not  uncommon,  and  chlorite  occurs  at 
intervals.  Angular  blocks  of  trap,  often  imbedded  in, 
and  sometimes  transfused  with,  the  other  constituents, 
give — when  small— a  brecciated  character  to  the  lode: 
but — when  large —  they,  so  to  speak,  divide  it  into 
branches.  Native-copper  is  irregularly  sprinkled 
through  all — save  the  crystalline  and  trappean — parts 
of  it;  but  rather  in  (Stamp-work)  grains  and  (Barrel- 
work)  small  bodies,  than  in  heavy  masses.* 


«  •  The  character  of  the  lode  yaries  very  much  in  different  parts  of  the  mine. 
At  [one  spot]  it  dips  64^,  and  is  about  3  inches  wide ;  at  [another],  it  has  an 
inclination  of  66^,  and  is  20  inches  wide,  and  well  filled  with  copper,  a  mass  of  a 
ton  in  weight  has  been  found  here.  At  other  points  it  is  from  2  to  8  feet  wide, 
and  terf  Tariable  in  richness.  •  «r  *    The  gangue  of  the  rein  is  almeit  eK« 
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(/)  The  Fire-Steel  lode  bears  10"— 20*  E.  of  N.- 
W  of  S- ;  inclines  GS^'-aO**  W.;  ranged  from  six  inches 
to  three  feet  in  breadth;  and  consists,  for  the  most 
part,  of  calcareous-spar,  quartz,  prehnite,  epidote,  and 
chlorite,  irregularly  charged  with  particles  and  small 
nuggets  of  copper.  Its  western  side  is  bounded  by  a 
smooth  ( hanging-tcall)  face  of  fine-grained,  crystalline 
trap;  towards  the  (foot-wall)  east,  on  the  contrary, 
it  passes  gradually  into  an  amygdaloidal  rock,  in  which 
the  joints  are  frequently  lined  with  copper. 

{g.)  In  the  Indiana  location  trial  has  been  made  of 
three  lodes^  which  traverse  the  fine-grained  trap-rock 
from  N.E.  to  S.W. ;  dip  40^-50"  N.W. ;  and  vary,  from 
about  three  inches  to  as  many  feet,  in  breadth  at  difier- 
ent  parts  of  their  range.  Trap,  in  various  states  oi 
disintegration,  is  commonly  the  largest,  and  sometimes 
the  only,  constituent ;  though  grains,  small  bodies,  and 


clttsiTely  qnarti,  often  well  crjsUlUied,  and  occasionally  associated  with  fine 
specimens  of  prehnite." 

WuiTMBT,  MetaUie  WmOth  of  the  United  Staiet,  p.  201. 

**  On  a  forrn^  deux  puits  principaux  et  trois  puits  secondaires  dans  an  Slon 
tris-irr^gulier,  dirig^  N.  60"  E.,  et  plongeant  vers  le  nord  sous  un  angle  de  60 
environ.    •  •  •     La  puissance  du  filon  est  extrdmement  Tariable,  de  0'">06 
k  2  mitres  (2-3  inches  to  6*6  feet)  et  plus ;  des  veines  secondaires  ont  it6  con- 
staters  en  plusieurs  points.  «  «  «    Bans  les  ^tranglements,  le  filon  est  tr^- 
quartseux ;  dans  les  renflements,  il  est  rempli  par  du  quarts,  de  la  chlorite,  do 
calcaire  spathique,  da  I'epidote  verte,  de  la  mati^re  rouge  et  des  fragments  du 
trapp  encaissant,  formant  des  hriches  k  grandes  parties.    On  a  constat^  des 
▼einules  de  laumonite,  mais  je  u*ai  tu  nuUe  part  ce  mineral  en  yeines  un  p^ 
puissantes.    Les  renflements  pr^sentent  souvent  des  g^odes  en  partie  remplio 
par  de  Targile  rouge  et  tapise^s  de  cristaux  de  quarts,  m  %  %  Dans  les  traTanx 
actuels,  on  a  trouv6  quelques  petites  masses  de  cuiyre  et  ce  m6tal  diss^min^  en 
grains  dans  la  ganguc ;  la  mati^re  k  bocarder  parait  tenir  de  2}  li  6  p.  100  de 
cuirre  dans  les  parties  richrs." 

BiYOT^  Annates  des  Mines,  6me  S^rie,  tu.  p.  321' 
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short  tliin  veins,  of  quartz,  calcareous-spar,  epidote, 
prehnite,  Laumonite,  and  chlorite,  either  mixed  or 
separate,  occur  at  intervals.  Granules,  masses,  and 
reticulated  threads  of  copper  are  imbedded  in  all  the 
earthy  ingredients,  but  least  frequently  in  the  trap. 

Many  ancient  mine-works  and  tools*  have  been, 
from  time  to  time,  discovered  in  the  neighbourhood. 

(A.)  The  What  Cheer  mine  has  been  opened  on  two 
lodes^ 

one  bearing  86*»-40*  E.  of  N.—W.  of  S. ;  &  dipping  ib^-W  N. W. ;  width  un- 
known ; 
the  other,,      6*»-iy»      „  „  ^  60*»        W.; 

Both  are,  in  great  measure,  composed  of  coarse- 
grained trap ;  but  they  also  contain  Laumonite,  cal- 
careous-spar, epidote,  quartz,  prehnite,  and  chlorite, 
as  well  as  jaspery  and  earthy  red  iron-ore.  Particles 
and  nuggets  of  metal,  thinly  invested  with  the  green 
carbonate  of  copper,  are  sparingly  scattered  through 
the  vein-stone. 

(i.)  The  Douglas  Houghton  or  Henwood  mines  f 
{Table  XV.;  Fig.  28,  29.)  had  reached  a  depth  of 
more  than  seventy  fathoms  in  1856,  and  they  are  but 
little  deeper  now  (1866). 


**  Maiaet  of  iee  which  had  accumulated,  at  depthi  of  16*6  and  23*3  fathoms 
in  the  mine,  during  the  winter  of  1355—6,  remained  unmelted  on  the  11th  of 
July  following. 

•  AnU,  pp.  412—10. 

t  '*  The  mining  operatione  of  this  Company  hare  been  mostly  confined  to  the 
north-western  comer  of  Section  22,  [Range  37>  Township  61,  where]  low  ridges 
of  trap  run  a  little  to  the  east- of  north  and  present  a  steep  face  on  the  south. 
Mstem  side*  •  •  •  The  trap,  which  is  a  dark  compact  variety,  occasionally 
•mygdaloidal  in  its  structure,  is  divided  at  intervals  of  8  or  4  feet,  though  ir- 
regularly, by  seams,  which  are  filled  principally  with  quarts  and  calcareous 
>psr  in  very  varying  thicknesses.    •  «  «  When  exposed  on  its  mural  face,  it 
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Fig.  28. 


THV  DOUOLAM  HOUOSTOV,  Or  KBXITOOD, 
OMTOMAOOM — XXOHIOAV. 

LoDgitttdinftl  teetion. 


»W 


Scale  40  fathomt  to  the  ineh. 


The  rocks  generally  consist  of  hornblende  and 
labradorite ;  but  chlorite  is  also  a  frequent,  and  epidote 
is  an  occasional,  ingredient*  Isolated  masses  aDQ 
short  narrow  veins  of  quartz, — mixed  sometimes  with 
calcareous  matter,  but  perhaps  as  commonly  with  one 


appwn  to  be  divided  by  a  number  of  teemt  which  follow  the  general  direction 
of  the  ridge;  and,  of  course,  have  moatly  a  rather  east  and  westerly  direction. 
These  are  rarely  continuous  for  any  great  length,  yet  they  may  in  some  instance* 
be  traced  for  a  considerable  distance.  It  is  impossible,  howeTer,  to  decide  on 
the  identity  of  any  two  portions  of  one  of  these  seams,  unless  the  rock  is  ex- 
posed continuously  along  the  whole  course  of  them.  [Their  dip]  is  inran'sbif 
with  that  of  the  rock  itself— j^enerally  at  an  angle  of  about  45".  At  id»^1 
points  of  their  course  they  are  accompanied  by  native  copper,  which  sometin^ 
occurs  in  very  large  masses." 

Jackson,  Export  on  ih$  Gtotogieal  and  Mmtraiogieol  SunMf  of 
Landi  in  Michigan^  ni.  p.  748. 


*  **  The  rock  is  a  compact  chlorite  trap."— Fostbb  ft  Whitvbt,  B/^ori  on 
the  QmOogg  of  the  Lah$  Stg^trior  Land  Ditirid,  pp.  142—60. 

**  The  reck  adjacent  [to  the  vein]  contains  a  large  amount  of  e|ddote." 

Whxtust,  MetalUe  Wtakh  of  the  UtUtkt  Staiei,  p.  2B9. 
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or  other  of  the  surrouDding  subBtances, — occur  at 
intervals.  Within  short  distances  of  the  hde  particles 
and  flakes  of  copper  are  scattered  thinly  and  irregpi* 
larly  through  them  all.  The  structure  is  mostly  coarse 
and  granular ;  by  degrees,  however,  it  becomes  fine- 
grained and  crystalliQC  in  some,  but  amygdaloidal  in 
other,  places.  The  entire  (Country)  formation  is 
disposed  io  somewhat  ilKdeveloped  beds;  which  are 
intersected,  at  about  right-angle^,  by  welNmarked 
joints. 

From  the  lode  to  the  neighbouring  (Country)  rocks 
gradual  transitions  sometimes  take  place ;  but  nearly 
parallel  joints  frequently  form  smooth  divisions  between 
them.* 

The  principal  lode  f  bean  about  N.E. — S.W. ;  and 

*   ■         ■  •  ■       -    ■    ■  ■       I  ■  »«  -    »'<  «P  ■       ■    ;    «         linn       <    ■    ■       I        »   ■^i     ■<    I         I  ;     'fH  '      .    I        I      ■ 

•  Henwood,  CormooU  Qeoi,  TVoim.,  ▼.  p.  181. 

f  "  The  Tein  m  m  *  ia  about  three  feet  in  width,  running  nearly  north  and 
■outfa,  oonferming  i»  the  graoral  dhreotlqn  of  di^  ftdgv  «l  thii  f Ukm,  apd  dipping 
west  60**.  They  haTe  driven  a  leTel  about  26  feet  along  its  coune,  an4  a  con- 
BideraUe  quantity  of  copper  has  been  obtained,  the  Teln-stone  remoted  WM 
rich  in  iltMinninBtfi!  a|id  stri&g  eopper,  ^d  will  yield  from  9  to  12  p«ir  pent,  o( 
metal.  Quarts,  ♦  «  «  forms  the  principal  portion  of  the  matrix,  which  is 
trsfersed  by  nunMrous  seams  of  eUori^.  The  vein  is  weU.  defined,  tt|i  wtt^wiM- 
indicatlonf  «f  pvoTing  highly  Taliiable," — Fosnii  ^  WKmrBT,  IUpor$  an- the 
Gtoloffy  of  the  Lake  auperior  Land  Dittriet,  I.  p.  142. 

"  Th^  vvliiy  at  the  mftuft»  apu^ared  bet|ra^  t^  airf  ftw  ft?>  wi^  >»**  ♦ 
qoartsose  Teinstone,  and  was  quite  well  filled  with  copper.  A\  th%t  poi|ity  it  had 
two  perfectly  defined  W|dls,  separated  from  the  reek  by  selvages  of  argiiaeeew 
m%ttei^  tkod  ^  gangue  distinct  from  the  rock.  In  the  -vorkingpof  thff  ifiine, 
howerer,  it  has  not  so  much  regularity  as  would  be  desirable :  in  some  places  it 
is  two  feet  in  width,  and  well  charged  with  copper ;  and  in  othen  it  becomes 
entirely  lost,  and  can  with  diSieulty  be  traced.  There  is  a  break  or  feult  inter- 
secting the  Tein  rertically,  «  ♦  ♦  and  displacing  it  to  the  amon9(  of  14  f9et. 
Two  slides  haye  also  been  found  to  trarerse  the  rocks,  and  have  shifted  and 
deranged  the  Tein  along  their  course.  «  ♦  «  About  5  tons  of  barrel-work  and 
miss  copper  were  shipped  in  1969,  and  SO  barrels  of  stamp  sad  bavr^«woik, 
tad  four  masses,  amounting  to  26  tons  in  all,  were  ready  for  shipment  im  Fekp 
nury,  lS64.''^WsianfiT,  MekiiHc  WeaWk  of  the  United  Staiee,  p.  290. 
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is  represented  in  various  places  by  either  slight  traces 
of  yein-stone  or  the  mere  contact  of  (walb)  feces  of 
trap-rock,  yet  often  attains  a  width  of  at  least  three 
feet ;  its  average  dimensions,  however,  do  not  exceed 
fourteen  inches.  The  narrower  parts — peculiar  to  the 
fine-grained  and  crystalline  trap  (Country)  alone — are 
usually  composed  of  Laumonite  or  chlorite,  but  now 
and  then  they  contain  copper.  The  wider  pordons — 
natural  to  the  coarse,  granular,  and  amygdaloidal  rocks 
only — abound  in  quartz;  largely,  but  unequally, 
mixed  with  calcareous-spar,  as  well  as  with  smaller 
proportions  of  epidote,  chlorite,  hornblende,  and,  per- 
haps»  a  few  other  minerals.  Isolated  blocks  of  trap 
occur  here  and  there.  All  these  enclose  copper,*  in 
grains  and  rough  shapeless  nuggets  of  a  few  pounds 
each ;  but  the  sUiceo-calcareous  matrix  only  yields  also 
masses  of  many  hundred-weight  The  richer  portions 
are  separated,  by  comparatively  worthless  vein-stones^ 
into  two  distinct  shoots;  both  which  dip  endlong 
towards  the  south-west.  Undulating  joints— not  al- 
ways quite  parallel  to  the  (walls)  sides  in  direction 
and  dip— divide  certain  parts  of  the  lode  into  (combs) 
slices  or  subordinate  veins ;  which — at  times  enveloping 
lenticular  bodies  of  trap — are  commonly  characterized 
by  diversities  eidier  of  composition  or  of  structure. 


*  **  ▲  mtis  of  copper  reeentlj  taken  from  the  back  of  tke  fifth  lerel  weighed 
1000  to  1200  Ibe.  •  «  «  ▲  piece  Utelj  obtained  aboTe  the  fourth  level  weighted 
above  1600  Ibi.  «  «  « 

"  Orer  the  back  of  the  third  lerel  the  etamp-work  now  being  remored  it  of  a 
higher  per  otntage  than  the  average  of  etamp-veina,  eay  2)  to  8  per  oent." 
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Such  joints  are  occaeionHlIy  filled  either  with  dinn- 
tegrated  vein-stuff  and  earthy  red  iron-ore,  or  with 
thin  sheets  of  copper ;  of  which  the  glossy  faces  are 
sometimes  deeply  grooved.*  On  their  opposite  sides, 
however,  they  are  now  and  then  fluted  in  difiereot 
directions;  and  even  within  short  distances,  on  the 
same  sides,  the  strise  are  frequently  curved^  crooked, 
interrupted,  and  divergent. 

fiff  39        BOoaUM  HouoBTOir  a  HnrwooD  uanm 
Oromtd  tmfaea  of  Mut-tfoiM  axd  a^ftr 


Some  of  the  quartz  contains  cavities  Imed  with 
crystals ;  and  much — like  that  of  various  gold-mines 
in  Brazil  f — abounds  in  cracks,  crevices,  and  flaws ; 
in  such  instances  copper  is  &carce4 

The  following  columns— compiled  from  accounts 
kept  at  the  mines — show  the  quantities  of  van-stont 

•  Beswood,  CenuoaU  Giel.  Trm».,  r.  pp.  173,-81,-2,   TtOUt  XVIII.. 
ZCr.  I  Amu,  pp.  IS,  M,  483. 
tJtt<*,PP.  IBl— 2. 
t  Hmrood,  ConueoU  Ocol.  Tnrni.,  t.  p.  20S. 
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extracted  irom  different  parte  of  the  mines,  and  the 
weighte  of  (crude)  copper  separated  from  it,  during 
1854,  1855,  and  1856  * 


*  The  Nationtd  Mine  has  been  worked  in  the  same  district  (Whitney,  MttaSk 
WMth  qf  the  Unifd  SUOm,  p.  tt7.  JnU,  p.  414),  with  the  widomcntioiwd 
reralts. 
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Ymiv 

Lode, 
Square  fathoms  extracted 

Cmde 

copper  obtained 

• 

f 
from 

•hafta 

and 

from 

leveU 

(galteiet) 

from 
Uopea 

Totola 

Total 
quantity 

tona 
(Avoirs 

Per 

aq.  fm. 

otiode 

lbs. 

Per 

cubic  ftn. 

oflode 

Iba. 

1854... 

400 
27-0 
88-8 

59-6 
75-0 
50-5 

807-6 
285-6 
156-2 

407-2 
887-6 
240-5 

25  22 

22-70 
10-84 

189 

181 

97 

788 
695 
515 

Totals ... 
Mwns... 

100-8 

185-1 

749-4 

• 

1,085-8 

58-26 

126 

669 

Dmfng  thia  period,  therefotei  each  iquare  frtthom  of  the  I  >!». 

iode  yielded  )  294  of  cnide  copper ; 
and  m  the  lode  waa  about  I  ^. .  jtaa 

three  feet  wide,  5    "    **"®     »•         »•  ^®® 

The  JfoaaM— rangiBg  from  a  few  hundred-weight') 

to  eight  tona,  and  aTeraging  (0*566ton)%— formed  0-448  of  the  entire 

1  ;243  Iba.  each    )  prodnoe ; 

Barrel-^eork „      0-260        „  ; 

aoMJtp-fMrJb M      0*292         „ 

From  the  let  of  Noyember,  1868,  to  the  Sletof  October,  1864,  6,S80  Affoir. 
(7,090  UnUed  SUOes)  tona  of  vein-^tone  yielded  at  the  Stampe  140*57  tona  Avoir 
— Mek  ton  thua  affinrdiag  4§*74  Iba.— (0*022206  the  weight)  of  crude  nMftai 

Bacih  Hamp-head  eruahed  on  an  average  2,964  Iba.  of  vem^eUme  in  twenty-four 
(working)  houra.    fAnie,  Tablea  VIL  column  14,  IX.  Note  m;  p.  426,  Note).. 

The  mineie — whoee  numlbera  Taried  from  86  to  130  and  aToraged  114— 

broke— one  with  another— 62*8  square  fkthoma  I   -.q,  .^^  /  ^«  \  «  ««.,  *.„*, . 

of  lode^yfMOi  yielded  I   ®^^  *^~  f^^')  *  ^^  *'"*»  - 

and  earned —        „         — £11 :  0  :  4  per  month       „    .^ 

The  labourers  ranged  from  48  to  60,  and  received  )  ^^    .  •    . 

on  an  average  }  »9  •  "  •  1        »»  »»    • 

Chtnowsth  (Report  of  the  National  Mining  Company),  Lake  Stq)erior 
Mum',  XI,  (7th  October,  1865),  pp.  32 — 4. 

90*85  tona  (Avoir)  of  crude  metal  from  the  Naiionai  Mine,  yielded— from  thr 

lat  of  May  to  the  12th  of  July,  1866,, 
66*39    „        „        (0*7348)  its  weight)  of  fine  oopper. 

PoKTALBA,  I>eiroit  Free  Preea,  xxz.  (28th  July,  1866)  p.  1. 

A  comparison  between  the  proportions  of  copper  in  the  lodee  near  Iiake  Superior, 
and  of  tin*ore  in  those  of  Cornwall  and  Devon,  can  scarcely  be  uniatereating. 


I 
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In  1866  the  entire  produce — except  from  nuusa 


Ita.  of  par  ton  (a*.) 
or 


Bireh  Tor  (Dsroir) 

Cimdurrow 

WmdnmOoiuolt 

Botattaek 


•  •  • 


•  •  •  • 


1866.. 


1^ 


BaOeiwiddtn 
8ami  /mi  C&n»ol» 
Ormi  Work 
WkMiBoittt^  ChyUi,  1865 
Trdifon  Comtoh 


•  •  • 


• . . 


Camforik 
ProvtdtnM 
DUng  Dang 
WhttAMary 

CmmBrea 


1120 
650 


1120 
1344 


700 
1176 


• . .  • 


DoImUKl 


5  1865.. 
I  1866.. 
1868.. 


{ 


1865*. 


NcrthBiMkmrh,       

Poldic$  CSi.  Da^  UniMJ    .. 

LmiveiA  1868,-4,-5.. 

MuibtnyHitt  •••. 

North  Wheal  Robert  {'Dv:vov) 

Poibmrrom  ▲  

Drake  WaXU  

FuTMo  HiU  Wood  CDbtov)  . . 
Proipor  Uniiod  ...... 

WhsalButy  

Wheal  Vor  

Par  Comole 
CutUra 


. . . . 


112 


61 
192 


15*2 


160 

204 
560 
784 


I 


20 


12 
7 


14 
15 


22 


0*8 
18 


7-6 


0 
14 
88 
11 
15 


a  Jowph  Matthews,  Esq. 
»  Mr.  Biohard  WelUngton. 
e  W.  O.  Hill,  Esq. 
4  H.  C.  York,  Esq. 
e  8.  H.  James,  Esq. 
/Capt.  John  Tsjlor. 
g  P.  H.  ApUn,  Esq. 
h  Capt.  8.  Tredinnick. 


28. 
28 
28 
34-a 
40 
45 
45 
56 
60 
68 
68*8 
60-5 
70 
70 
101*5 


0-5000 
08000 


0*0089 


O-OII^ 
0-0126* 
0-0I25« 
0M)l58i 
0-01791 
05000  0-00541    OHMMl/ 


0*6000 


00881 


86 
87 
40 
55 
60 
44 
50-4 


i 


28-8 
80 

2*5 

5-25 

8 

0*84 
11 
20 
26 
47 
144 


0*3120 
0*5250 


0-0500 

0-0272 
0*0157 


0-0063 
0-0067 


0*0068 


0*0714 

0-0911 
0-2500 
0-8500 


0-0093 

0-0044 
0*0058 


0-0084 


0-0040 
0*3063 
0-0375 
00049 
0-0067 


O-OlOli 

0*0260k 

0*026« 

0*0804> 

0-OS05|4 

0*0310) 

0*0312» 

0081S» 

0-04501 

0*0l61ii 
0.01661 
0-0179 

!  0-0846 
0*0268 
0-0196 
0*08S6* 

0-oioep 

0*3184f 

0-0011 1' 

0-0023' 
0-0036« 
0«0044< 
0*0049< 
0*0089* 

O-OllO* 
O'OSIO* 
0'0643i» 

=  1' 


AVTRoaxTna. 
i  Capt.  8.  B.  Wilkin. 
J  Capt.  Edward  Poolej. 
*  Capt.  W.  Hollow,  Jr. 
I  Capt.  Thomas  Roberts. 
M  B.  H.  Pike,  Esq. 
«  Capt.  Charles  Thomas. 
0  ir«ifJlrttM»Ly.CFsb.4,1806) 

P  W.  Cook  Yitian,  Esq. 


9  Capt.  Joseph  Coek. 

r  Edwin  Carter,  Esq. 
9  M.  MozeoB,  Bsq.  AnU.  P*^"^ 
*  Capt.  Thomas  Gregory. 
«  Capt.  John  Ifioholls. 
V  W.  J.  Bawlings,  Esq. 
«e  Mr.  William  AxgslL 
«  Wm.  Polkinghome,  Esq- 


The.  qnsaUtj  of  tln-ort  It  nnaU  odtapsrad  with  Um  Tsltitlssi  matter  with  which  U  U  v*'*^ 
wUl  b«  6? idsnt  from  th«  foUowInf  itat«msnt  of  tbs  qoaaUtlss  of  ttn-ors  eoataiasd  in  Um  n*^' 


A" 

This  will . 

M  It  is  bioof  ht  to  the  suilhes^  ftom  the  mines  named ;— 
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which  weighed  together  1,032  lbs.  (0*46  ton  Av.y^ 
consisted  of  Stamp*  and  Barrel  worA.'f 

The  shafts,  winzes,  and  kveb  comprise  the  entire 
width  of  the  lode,  and  frequently  also  some  of  the 
(Country)  rock  adjoining  it;  the  stopes — except  on 
rare  occasions — are  opened  on  the  hde  alone. 

The  average  cost  of  opening  a  square  fathom  in 
each  was  as  follows  :•— 


Years. 

Shafts  &  whuet. 

Leveti. 

Stopea, 

1854   .. 

5  .. 

6  .. 

£16    6  11 

18  11     3 

19  16    0 

£12    2    6 

11  15  11 

12  5  10 

£5    7  11 
5    2    1 
4  17    3 

Means. . 

£18    2    0 

£12    0    0 

5    3    6 

It  seems,  therefore,  that  as  the  proportion  of  copper 
declined,  the  cost  of  sloping  also  diminished ;  but  the 
expense  of  opening  shafts,  winzes,  and  levehj  at  the 
same  time,  increased. 


TImm  eoluuM  TtUte  to  tin-ore  onlj;  whoroM  TM$  XIV.  oomprelieiidi  th« 
wliolo  produoe  of  the  mines.  No  oomparison  oen  therefore  be  made  between 
them. 

*  *'  At  the  Bmwood  mines  the  new  steam-ettmps— four  batteries,  16  heads- 
ire  of  the  heatiest  pattern,  1050  lbs.  to  the  head." 

Lake  St9)erwr  Mimr,  xx.  (24th  Maroh,  1866),  p.  224. 

t "  4'82  tons  (Awkr,)  of  emde  metal  from  the  HmnDCod  mines  yielded  8*^1 
tons  (0*6966  its  weight)  of  fine  eopper." 

PovTALBA,  Dilrotl  Free  Pre9$t  zzx.  (28th  Jnly,  1866)  p.  1. 
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••  BiMl  Kitty,  8t  AffOM 84  Ita.  of  oiidt  of  tin  In  eroy  ton. 

Dol0Mtli,  Oembonie   « M  h  m 

Tlnctoll* 
North  Botk< 
BmI  Ubj 

BMt  Cam  Brtt,  M       18  m  n 

Polbeno  OOuoli,  8t  Agn«t     ....  14  „  „ 

HmI  Ooatifli  f»  ••••  8  If  If 

LanlTtt  4  H  „ 

Qnerf^'^r  /Mmol  ^  Sdrnui,  in.  ( JtnotiTt  1866)  p.  188. 
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Some  thirty^six  fathoms  from  the  sur&ce  a  joint,*—* 
ranging  nearly  S.E. — N.W.— intewecta  one  of  the 
narrowest  and  poorest  parts  of  the  lode,  which  it 
(heaves)  displaces  about  eight  feet  (L»-*-*-R.A.)  towards 
the  left''hand.'\'  On  opposite  sides  of  the  joint,  how- 
ever, both  the  width  and  general  charmeten  of  the  lode 
are  materially  different 

At  a  depth  of  forty-eight  fathoms^  the  lode^-^mmt- 
taining  an  uninterrupted  course  from  the  N.E. — abuts 
on  a  nearly  vertical  cross-vein  of  disinteg^ted  ferru- 
ginous trap,  about  six  inches  wide,  and  thenceforth  its 
normal  direction,  towards  the  S.W.,  19  denoted  by  a 
few  smallf  unconnected,  masses  of  vein-stone  only; 
and  cross-  (cuts)  drifts  on  both  sides  hare  failed  to 
detect  parallel  branches. 

The   Conglomerate  stands  S,K  of  the  Principal 
lode^  takes  much  the  same  direction^  and  dips  the  same 
way ;  at  so  different  an  angle,  however,  that  they  are 
as  much  as  fourteen  fathoms  apart  at  the  9ur£Bu;e,  but 
no  more  tlian  five  feet  at  the  seventy-one-fathom  level. 
The   riiallower   portions,  which  are  about   eighteen 
inches  wide,  consist  generally  of  trap,  in  various  stages 
of  disintegration ;  enclosing,  however,  many  angular 
and  spheroidal  bodies  of  much  the  same  composition, 
but  of  harder  teztnre,  and  rounded  stones  of  quartz- 
rock  containing  small  crystals  of   ozydulated  iron; 
calcareo-siliceous  matter  occurs,  here  and  there,  i^ 

•  Henwood,  CarmoaU,  (?#o/  Tram.,  t.  pp.  25,  327.    Ante,  TMt  XV. 
t "  In  tb«  OntonagoQ  District  the  hsttvet  are  eommoolf  towards  the  leffe-lun^*' 

Eksmoit,  Lake  Superior  Miner,  n.  (30Ui  May,  1967),  P*  ^ 
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shapeless  lamps,  and  short,  thin  veins,  but  frequently 
also  it  pervades  the  trap.  At  seventy-one  fathoms 
deep  it  is  only  half  as  wide,  yet  consists  still  of  dis- 
integrated trappean  matter,  including  reniform  masses 
of  trap  and  of  quartz-rock  near  the  sides,  but  traversed 
by  narrow  calcareo-silieeous  veins  towards  the  middle. 
Grains,  flakes,  and  slender  threads  of  copper  are  nu- 
merous in  the  wider  parts ;  and  particles  may  be  readily 
extracted  from  the  narrower,  by  crushing  and  washing 
the  matrix. 

But  operations  on  this  formation  have  been  induced 
— less  by  the  proportions  of  metal  it  has  yielded  than — 
by  an  expectation  that  the  Principal  lode  and  the 
Conglomerate  would  a£ford  at  their  contact,  similar 
results  to  those  which  take  place  where  productive 
lodes  fall  in  with  the  cupriferous  conglomerates  of 
neighbouring  mines.*    Such  contact,  however,  can 


*  "  At  tht  Mum$9cia  mine  •  «  «  the  ranges  of  trap  ran  in  a  N.E.  ft  8.W. 
direction  ♦  •  «  and  are  flanked  bj  sandstone  and  conglomerate,  dipping 
northsirljf  besides  containing  intercalated  beds  of  these  detrital  rooks.'* 

FosTBB  ft  WKimxT,  Btporionihe  Chctogy  of  the  Lake  Superior  Land 
Diitrict,  I.  p.  138. 

The  extent,  appearance,  and  produce  of  the  ancient  works  hsTe  been  frequently 
and  folly  described."— iln<«,  pp.  412,— 13,— U,— 16. 

*'  In  1849  •  «  «  a  drift  was  extended  eighteen  feet  in  length  and  at  thirty- 
tight  feet  below  the  surface,  on  (the  North  lode  J  a  Tein  abont  eight  feet  wide, 
almoet  entirely  filled  in  with  sheets  of  natiTO  copper.  Shoots  branch  off  from 
the  main  mass,  occupying  the  fissures,  so  as  to  Interpose  a  braien  barrier  to 
further  driTing.*'— Fobtbr  ft  Wbithbt,  Report  on  the  Oeology  of  the  Lake 
SigferkfrLandDietrietf  i.  p.  133. 

**  In  January,  1854,  the  whole  number  of  fathoms  of  Tein  removed  amounted 
to  4,152  &thoms;  and  the  yield  of  copper  was,  approximately,  582  lbs.  per 
fathom."— WHiTiraT,  MetaUie  WedUh  of  the  United  States,  p.  295« 

*'  En  janyier  1854,  on  avait  enlcT^  dans  la  mine  environ  16,500  metres  carr^s 
(5030-6  square  fiathoms)  de  rorface  lateral^,  but  une  ^paisseur  variable  avec  la 

UUU 
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result  only  at  a  greater  depth  than  the  works  have  yet 
attained. 


puSiMiiee  dii  filon,  et  retM  78 kflognunmes  (158*7Ibi.  Aspow.)  de  edneptf 
mitre."— Bitot,  AnnaUi  det  Min8§,  6me  B6Ae,  yn.  p.  818. 

**  During  the  lummer  of  1862  a  large  qoantitj  of  copper  was  taken  from  (the 
South lodej  a  Tein  lying  between  a  belt  of  oonglomerate  and  the  trap;  •  *  t 
and  on  driving  by  the  eide  of  the  oonglomerate,  large  maaaes  of  oopper  were 
found.  In  1868  there  waa  alode,  in  aome  plaoea  6  feet  wide,  and  fiQed  for  a 
diataaoe  of  40  feet  with  an  ahnoet  eontinuous  maas  of  copper/* 

WamntT,  MeUOie  WeaUh  ^  th0  VniM  SiaU»,^.^^ 

**  In  January  1887  at  a  part  of  the  20  fkthom  level  where  a  mass  of  eopper  from 
12  to  18  inches  thick  had  been  obtained  from  the /ooe-teol?  of  the  Stmih  UA, 
strings  of  oopper  were  fdond  to  branch  from  it  into  the  eoDglomerate.  Theie 
were  followed,  and  led  immediately  to  very  large  mtssos.  One  of  theie— eo 
thick  that  it  could  not  be  handled  in  the  mine  until  it  had  been  diTided  longi- 
tudinally—presented, when  out  by  the  chisel,  a  thickness  of  three  feet  sad  nine 
inches.** 

Below  the  adU46PeliD,  the  south-western  part  of  tiie  mine,  howerer,  sbnflar 
threads  of  oopper  were  at  the  same  time  traced  from  a  produotiTe  part  ot  the 
Me,  through  the  regular  ybo^^ooO,  into  the  conglomerate  beneath ;  where  they 
united  with  a  series  of  rich  **  masses  going  up  and  down,  with  a  north-easterly 
inclination  for  70  or  80  feet,  and  still  continmous  aboTs  and  below.  At  a  ccm- 
Tcnient  pdnt  the  rock  behind  (beneath)  the  largest  body  of  eopper  was  remored 
by  succeesiTc  sand^kuti  (AnU^  p.  427,  Note  9)  ;  but  charges  which  were  grada- 
ally  increased  from  126  to  660  lbs.  failed  to  dislodge  it.  At  length  80  A«i^,  or 
760  lbs.  of  gunpowder,  were  securely  Urn^f&d  beneath  it  and  flred.  When  the 
smoke  and  dust  had  dlMppeared,  a  mass  of  about  the  following  dimeniioxii— 

LeBfth  BNadth  (height).         Thiokiuei. 

Extreme 46*  fleet.  ....  18*6  feet  ..•••.  9*  fleet. 

Arerage.. —        ••..  12-6   „     8-6  „ 

was  found  to  have  been  lifted  from  its  place^  without  iiexure  or  crack. 

*'  These  dimensions  glTc  it  a  cubic  content  of  nearly  2,000  feet^  and  a  wdght 
of  about  600  tons." 

As  many  men  as  the  slse  of  the  mass  and  the  width  of  tiie  works  permitted 
(on  one  occasion  as  many  as  42)  were  employed  for  sereral  months  in  cutting  it 
into  pieces  of  manageable  sise.  '*  In  most  of  the  longest  and  deepest  cuts  the 
copper  was  as  bright  as  a  new  penny;  but  in  some  places  large  pieces  of  rock 
were  found  enclosed. 

<«  This,  we  respectftilly  submit,  is  the  largest  mass  of  metal  of  any  kind  ever 
yet  exhibited  in  a  single  piece  upon  this  planet" 

BiOBSOir,  Lake  Superior  Miner,  11.  (28th  February ;—2l8t  March;— 4t^ 
April;— ethJune;— 4th  July;— 16th  August;  1867).  Abridged. 

"  The  largest  mass  of  nati?  e  copper  eyer  discoyered  was  taken  out  of  th« 
Mkmeiota  mine  in  1867—8. 
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When  the  surface  is  covered  with  frozen  snow,*  the 
influx  of  water  rarely  exceeds  a  thousand  gallons 
(163'2  cubic  feet)  per  day;  but  when  a  thaw  sets  in, 
and  durinsr  rain.t  the  auantitv  is  often  trebled.     In- 


Its  STenge  length  waB  about 3d  feet;'—  « 

„        „      width  (height)  19  ...» 14    „  ; 

„        M      thickneea         ,»  ....^ 8|„  ; 

„  greatest        „  „. 7^  „  ; 

„  least  „  „   1  foot. 

Its  weight  exceeded  400  tons  (Avair.^i  and  in  dividing  it,  for  oonvenieiice  of 
vemoTal,  about  15  tons  of  chips  (Ante,  pp.  427 — 8)  were  cut  out. 
'*  The  mass  afforded  85  per  cent  of  fine  copper.^    ' 

Captain  J.  T.  Bscwn,  Manager  of  the  Ontonagon  Copper  Mine,  HSS. 

**  Many  masses  occur  in  the  conglomerate  north-east  of  the  great  mass.  There 
is  BO  ona  piece  as  large  as  the  great  mass,  but  the  amount  of  copper  exposed  in 
masses  of  immense  siae  is  yery  much  greater  than  that  wiU  yield.  Enormous 
sheets  &om  a  foot  to  ssTeral  feet  in  thickness  are  still  going  almost  horisontaUy 
into  the  conglomerate.  Being  one  aboTO  the  other,  with  some  regularity  of  oc- 
enrrsnce,  they  seem  to  form  great  steps  under  the  foot-wall  of  the  Tcin.  How 
far  titese  sheets  penetrate  the  rock  can  only  be  ascertained  by  following  them." 

EiCBBSOH,  Lake  Superior  Miner,  xi.  C4th  April,  1867)  p.  2. 

In  the  National,  a  neighbouring,  mine,  the  conglomerate  likewise  affords 
similar,  though  smaller,  masses  of  copper.  Whitney,  MetaiUo  WeaUh  of  the 
UniUd  SUae$y  p.  297.  Emerson,  Lake  Superior  Miner,  ii.  (80th  May,  1857)  p. 
2;  XInited  SiaUt  Mining  Journal,  x.  (27th  June,  1857)  p.  5.  Chynoweth, 
Lake  Siq^eriar  Miner,  ill  (7th  October^  1865)  p.  82. 

*  At  Fort  Wilkins,  on  Keweenaw  Point,  the  temperature,  obsenred  at  9  ajn., 
3  pjD.,  and  9  pjn.*  between  June»  1844^  and  May,  1846,  ranged  from  18^16  to 
72^-03,  and  ayeraged  41'*'46. 

Betume  of  the  Surgeon  General  of  the  United  Statee  ArvMf.    Fobtbb  ft 
WHimir,  Heport  on  the  Qedhgy  of  the  Lake  Stqterior  Land  District, 
X.  p.  48. 
^  The  temperature  of  the  water  of  Lake  Superior  during  the  summer,  a  fathom 
or  two  below  the  surface,  is  but  a  few  degrees  aboTC  the  freexing  point.    In  the 
western  portion,  the  water  is  colder  than  in  the  eastern — the  suriifice  flow  becom- 
ing warmer  as  it  approaches  the  outlet." — Ibid,  p.  54. 

t «  From  observations  made  by  the  Army  Surgeons  at  Fort  Brady— Sault  Ste. 
Marie  it  was  ascertained  that  the  mean  annual  fall  of  rain  during  the  years  18879 
—8,^9  amounted  to  31—89  inches.— /5k^,  xi.  p.  338. 
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deed,  a  single  long  and  heavy  shower  *  has  sufficed  to 
fill  the  deepest  (level)  gallery  for  several  days.  Neither 
steam  t  nor  water  J -power  has  yet  been  applied  to  the 
drainage ;  which  is  still  effected  with  buckets  drawn 
by  a  horse-K;Aim. 

A  mass  of  ice,  some  eighteen  inches  thick,  which 
had  accumulated  at]the  thirty-six-fathom  level,  between 
the  first  and  second  shafts,  in  the  winter  of  1855-6, 
remained  unmelted  in  the  following  July.§     During 


«  «  The  6th  of  July,  1865,  forms  a  memorable  epoeh,  aa  the  date  of  the  greateit 
flood  that  OTer  Tisited  our  country.  The  rdn  commenced  in  the  after  part  of  the 
day  prcTiouSy  inoreathig  to  torrents  before  midnight  and  so  contlnaed ;  the  hesTi- 
est  fall  being  about  three  o'clock  in  the  morning.  The  depth  of  rain  which  fell 
was,  ^at  Ontonagon  Tillage .  •  •  •    4}  inches  in  14  hours ; 

„  Ogima  mine 9       „      „  12    „     ; 

„  Rockland,,    10       „      „  12    „     .*' 

Cbozibb,  Lake  Superior  Miner,  x.  (8th  July,  1865)  p.  BBS. 

t  Coal  brought— by  water  some  seyen  hundred  miles— from  Clereland  in  Ohio, 
is  found  a  cheaper  ftiel  for  the  steam-engines  at  Keweenaw  Point,  than  wood 
grown  on  the  spot. 

M.  W.  Kbubst,  Esq.,  Superintendent  of  the  North  American  mine,  KSS. 

t  Ante,  p.  477,  Note  f. 

i  Ante,  p.  465,  Note. 

**  The  Adiioffia/ mine  is  opened  and  mainly  worked  by  adits.  «  «  «  The  lower, 
or  third,  is  the  present  working  adit ;  as  the  mouths  of  the  other  two  are  closed 
for  the  purpose  of  turning  the  warm  air  of  the  mine  through  the  engine-shaf^ 
to  prerent  the  pump  from  freesing.  A  large  building  has  been  erected  at  the 
mouth  of  this  adit,  which  affords  abundant  room  for  a  warming-house,  a  mineral- 
house,  and  in  the  upper  story  a  changing-house.  It  is  warmed  by  a  large  stove 
which  completely  disposes  of  all  the  ice  by  which  they  were  formerly  troubled, 
and  Tentilates  the  pump-shaft  with  warm  air,  so  that  it  is  kept  from  freesing 
without  difficulty  in  any  weather.'' 

EiCBBBON,  Lake  Stq)erior  Miner,  n.  (21st  March,  1857)  p<  2. 

"  Ordinary  work  in  the  mines  is  carried  on  in  winter  as  in  any  other  season  of 
the  year,  the  greatest  trouble  arising  from  the  accumulation  of  ice  in  the  shafts : 
this  has  frequently  to  be  cut  away,  otherwise  pumping  and  hoisting  must  stop. 
Special  care  has  to  be  taken  to  prevent  the  water  in  the  pumps  from  freesing. 
The  lift  is  commonly  boxed  up,  and  surrounded  with  some  non-conducting  svib' 
stance.  Trap-doors  are  placed  in  the  levels  ;  and  with  these  precautions,  and  the 
engine  stopping  only  half-an-hour  at  a  time,  in  the  mine  where  I  was  employed* 
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the  warm  weather,  however,  water  oozing  from  above 
bad  thawed  a  shallow  channel  in  its  surface. 

(J.)  The  Algonquin  mine,  three  or  four  miles  north- 
east of  JDouglass  Houghton,  has  been  opened  to  a  depth 
of  fourteen  fathoms,  in  rocks  of  hornblende,  labrftdorite, 
and  epidote ;  *  which  are  often  coarse-grained,  and 
sometimes  amygdaloidal. 

The  only  lode  examined — bears  45*'-60''  N.  of  E. — 
S.  of  W.,-^ips  40'-45'  N.W.,— is  from  four  to  eight 
feet  wide, — and  consists  of  disintegrated  trap  and  epi- 
dote, often  transfused  with  siliceous  and  calcareous 
matter,  but  sometimes  enclosing  both  masses  of  quartz 


the  water  in  an  e]g1it-inolipftfM^«r-/{/{  was  frosen  solid  for  sixty  feet  down  from 
the  eoUoT'launder  in  one  night.'' 

Danibl,  Mining  Joumaif  xxxyi.  (28rd  June,  1866)  p.  390. 

oe 

"  At  Boraas  in  Norway  the  lower  chambers  are  so  cold,  that  ice  appears  erery- 
where  in  large  masses,  or  in  isicles  hanging  from  the  roof,  and  from  the  ladders 
fixed  in  the  shafts ;  the  steps  of  which  are  coyered  by  ice,  as  to  become  thereby 
slippery  and  dangerons." 

Clabxs,  Travelt  in  Europe^  Ana,  and  Africa,  x.  p.  187. 

^  At  Fersberg,  large  masses  of  ice  appeared,  coyering  the  sides  of  the  preci- 
pices, as  we  descended  frirther  from  the  surface.  Ice  is  raised  in  the  buckets 
with  the  ore  and  rubble  of  the  mine :  it  has  also  accumulated  in  such  quantity  in 
some  of  the  chambers,  that  there  are  places  where  it  is  fifteen  fathoms  thick,  and 
BO  change  of  temperature  aboTO  prerents  its  increase." — Ibid,  p.  491. 

Browne,  Ice-^avea  of  France  and  SwiUerland,  passim. 

*  ^  The  Alffonquin  Company  haye  examined  the  surface  at  seyeral  points 
slong  a  bluff  which  runs  nearly  in  a  N.E.  St  S.W.  direction,  the  steep  side  of 
the  ridge  facing  to  the  N.W.  The  trap  is  tolerably  compact,  and  much  mixed 
irith  epidote.  About  half  a  mile  K.B.  of  the  house,  copper  has  been  found 
sparingly  intermixed  with  quarts  and  epidote.  One-fourth  of  a  mile  father  on, 
an  open  cut  has  been  exeayated  about  25  feet  in  length  and  10  feet  deep ;  i\s 
direction  is  nearly  N.  60^  E.  From  this  excayation  a  considerable  quantity  of 
metallie  copper  has  been  taken,  mostly  intermixed  with  quarts  and  epidote." 
jAOXSOir,  Scportan  the  Gwhffical  and  Minerahgical  Surveif  of  lAmd$  in 
Michigan,  in.  p.  741. 

Foster  A  Whitney,  Beport  on  the  Geology  of  the  Lake  8i§>erior  Land  Dietriet, 
X.  pp.  71|  142.    Whitney,  MetafUc  Wealth  of  the  United  States,  p.  289, 
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and  crystals  of  calc-spar.  All  these — but  especially 
the  two  last — are  irregularly  sprinkled  with  (Stamp 
and  Barrel-work)  particles  and  small  lumps  of  copper, 
as  well  as  with  much  smaller  quantities  of  malachite. 

Whether  the  joints  are  longitudinal  or  transverse,— 
peculiar  to  the  lodCf  or  common  alike  to  it  and  to  the 
(Country)  rock, — they  frequently  contain  thin  sheets, 
and  dendritic  plates  of  copper. 

(A.)  At  the  Rockland^  mine, — adjoining  the  Minne- 
<oto,t — a  bed  of  conglomerate,  consisting  of  globular, 
spheroidal,  and  reniform  masses,  mostly  of  hornblende 
and  labradorite  but  now  and  then  of  quartz-rock,  ce- 
mented by  trappean  and  siliceo-calcareous  matter, — 
is  separated  from  the  ordinary  coarse-grained,  and 
somewhat  amygdaloidal,  rock, — which  forms  the  sur- 
foce,—- by  a  fode,  vein,  seam,  or  bed,  bearing  35**— 45" 
N.  of  E.— S.  of  W.,  dipping  46 —55^  N.W.,— oc- 
casionally  as  thin  as  paper,  but  in  some  places  two 
feet  wide,-— composed,  generally,  of  disintegrated  trap, 
chlorite,  epidote,  quartz,  and  calcareous  spar ;  but,  at 
intervals,  almost  entirely  of  copper.  Its  outcrop  pi^' 
sents  a  mere  (parting)  joint  faced  with  chlorite ;  but 
-rapidly  widening — ^it  shortly  includes  a  small  (horse) 
mass  of  trapt  and,  at  the  same  time,  traces  of  siliceo- 
calcareous  matter  appear  between  it  and  the  (foot'^ 

«  The  IRockkmd  mine  ^  w^olhM  the  Minnesota  mine  on  the  east  i^  ♦  •  ^ 
1858  a  burge  and  rioh  lode  was  opened  here,  which  appeared  to  be  identioal  in 
eonrse  and  mineralogioal  character  with  the  Minnesota  Tein.  The  dip  ot  tb0 
lode  is,  near  the  surface,  48|^,  and  its  whole  line  of  outcrop  is  msrked  by  numerous 
andent  exoatations."— Whixkhy,  MMOw  WmUh  qf^  UmM  SkOa,  P*  ^^' 

t  AfU0f  pp.  i69,'^7Z^6. 
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wall)  conglomerate.  The  trap  is  gradually  replaced 
by  quartz ;  tinged  in  different  places  with  chlorite  or 
epidote;  and,  at  unequal  distances,  implanted  with 
rough  crystals  of  calc-spar.  Such  ingredients  form 
the  matrix  most  congenial  to  copper ;  which  occurs—- 
at  first  thinly  sprinkled  and  in  particles; — next  in 
larger  grains; — soon  in  clustered  nuggets; — shortly 
in  thin  ragged  plates  ;*-and  at  length  in  slabs  varying 
from  less  than  an  inch  to  more  than  a  foot  in  thickness, 
and  of  several  fathoms  in  length  and  height.  These 
are  often  made  up  of  many  parallel  sheets,  and  some- 
times they  envelop  bodies  of  vein-stone ;  but  frequ^itly 
solid  masses  of  metal  occupy  almost  the  entire  width 
of  the  lode.  Commonly,  however,  a  narrow  line  of 
Stamp-work  rests  on  the  (foot-wall)  conglomerate.* 

In  1856  a  mass  of  copper,  some  ten  fathoms  long, 
three  &thoms  high,  and  from  one-twentieth  of  an  inch 
to  fourteen  inches  thick,  was  discovered  above  the 
adit.  It  was  cut,  as  it  lay,  into  pieces  of  convenient 
size ;  which  were  lowered  to  the  leoel  by  means  of 
blocks,  and  drawn  to  the  surface  on  a  tram-way. 

*  "  The  undennentioned  qxiantities  of  erude  copper  were  obtained  from  fhe 
aiae  in  1856 :—  (leoiri^poli) 

January  and  Febnuury    • 6*54  Tons 

Haroli  and  AprU     • • 16-49    „ 

May 18-67    „ 

June  ••••••••••••.•••• 17*17    i» 

July  ...., 25'87    „ 

Angnat  •.••••.•• • ••••  27*81    „ 

September    • •• r.......  84*62    ,, 

October     27*26    „ 

KoTember     • • 19*91    „ 

December 19*95    „ 


208*29 
*2-88 

ExiBSON,  ZoAe  Siipmor  jlftmcfy  n.  (17Ui  Janoaryi  1857}  P*  2, 


of  which  the  Stamghwrk  amounted  to  (0*2032  its  weight)  r.  ••  42*38         " 


»9    • 
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The  lodes  of  Keweenaw  are  characterized  by  prehnite 
and  various  zeolitic  minerals ;  those  of  Ontonagon  by 
epidote ;  but,  in  both,  quartz  and  calcareous-spar  are 
prevalent  vein-stones.  The  proportions  and  aggrega- 
tions of  crude  copper  are  shown  in  the  following 
columns. — 


DIftriQtt  tad  ICiiM. 


KlWBIWAW* 

ThtClif 


f> 


Bouiha^f 


•  •  •  • 


„    Copper  FaOtX 

Omtohaooh. 
Tht Nationaii   ... 

„    Maul 

n    Doufflati  Houghton  % 


Crude  copper 


pariqawe 

ikthom 

oflMb. 

lbs. 


pweable 
Ikthom 

OflMlt. 

Ibt. 


1,426 

8,048 

865 

294 
970 
126 


(6,840J 
9,144 

ll.7003 

588 

1,164 

669 


Proportioni. 


0139 


0«355 


0-448 


0-081 


0780 


TMdi. 


0*645 


0-260 


—     I    !• 


0*292 


From  this  it  seems  that  the  narrow  and  highly 
inclined  veins  of  Keweenaw,  which  intersect  the  trap- 
range  in  about  a  meridional  direction,  and  are  dis- 
tinguished by  the  presence  of  prehnite  and  zeolite, 
contain  larger  proportions  of  copper  than  the  lai*ger 


•  Whitney,  MetalHe  WeaUh  of  tho  United  States,  p.  227.    Ante,  pp.  434—5. 
t  Whitney,  MetaUk  WeaUh  of  the  United  Staiee,  p.  280.    Ante,  pp.  460-3. 
t  Whitney,  MetaOie  WeaUh  of  the  United  States,  pp.  265^6. 
{  Chynoweth,  (Report  of  the  National  Mining  Company),  Lake  Superior  Miner, 
XI.  (7th  October,  1865)  pp.  83-4.    Ante,  pp.  470—1,  Note. 

II  Chynoweth  (Beport  of  the  HaM  Mining  Company),  Lake  St^eriar  K^t 
zi.  (14th  October,  1865)  p.  42. 

iriln^,p.471. 
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and  flatter  bdes  of  Ontonagon,  which  are  nearly 
parallel  to  the  adjoining  beds  of  trap  in  direction,  but 
are  oblique  to  them  in  dip ;  strike  east  and  west  in 
some — but  rather  north-east  and  south-west  in  other, 
places ;  and  abound  in  epidote  everywhere.  The  ex- 
amples yet  recorded,  however,  are  too  few  to  warrant 
general  conclusions,* 

The  writer  was  prevented  from  visiting  several  con- 
siderable mines,  which  he  had  been  invited  to  examine, 
in  the  two  principal  copper  districts.  The  neighbour- 
hood of  Portage  Lake  has  become  important  since  his 
last  mission  to  America. 


The  thick  beds  of  transported  matter  which  overlie 
great  part  of  this-still  insufficiently  explored -region^* 


•  *<  The  CmUrcd  mine,  about  14  miles  east  of  the  Cliffy  is  opened  upon  ^  %  %  % 
lode  consisting  of  a  series  of  alternations  of  red  laiunonite  strings,  with  largo 
lenticular  expansions  containing  copper.  The  original  discovery  of  this  lode 
was  made  in  an  old  Indian  working,  [bat]  only  a  small  amount  of  metal  has  been 
found  immediately  below  this  point  in  sinking  \  but  further  north,  below  the 
greenstone,  under  similar  conditions  to  those  obserred  in  the  Cl^  mine,  a  Tery 
rich  run  of  ground  has  been  disooTcred.  There  is  a  good  deal  of  calcspar  in  the 
Tein.  and  the  finer  copper  appears  rather  in  sheets  than  in  shots.  At  the  60- 
fathom  level  the  largest  mass  that  has  yet  been  discovered  on  the  lake  was  stniek; 
it  measured  50  feet  in  length,  30  in  height,  and  about  4|  feet  in  greatest  thick- 
ness and  yielded  somewhere  over  600  tons  of  copper." — Baubbmajt,  Quorlsr/jf 
Joumai  of  the  OeoloffiaU  Society ,  xxxi.  (.November,  1866)  p.  467. 

t "  The  region  of  the  great  lakes  may  be  considered  as  the  headquarters  of 
the  North  American  drift.  From  the  mouth  of  the  St.  Lawrence  to  the  borders 
of  Lake  Superior  there  is  hardly  a  spot  where  the  drift  deposites  are  lost  sight  of. 
There  is,  however,  no  place  where  these  formations  are  more  extensive  than  on 
the  southern  shore  of  Lake  Superior;  where,  they  not  only  constitute  the  only 
visible  formation  for  nearly  one  hundred  miles,  but  they  also  attain  an  astonishing 
thickness,  ♦  *  *  forming  in  some  places  oliffs  not  lesa  than  three  hundred  and 

XX  x 
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contain,  at  intervals,  considerable  quantities — and,  in 
some  places,  large  masses  •■^f  copper.  These  seem 
to  have  been  discovered  by  an  earlier  race  of  inhabi- 


shcty  feet  Ugh.    «  ♦  «  The  drift  of  Ltke  Superior  maj  be  divided  into  four 
depositee,  which,  in  ascending  order,  exhihit  the  following  characteristics  :— 

1st.  **  A  layer  of  coarse  materials,  *  *  *  generallj  a  mixture  of  loam  and 
fragments  of  rock  of  different  sises, — sometimes  worn,  but  more  frequently  an- 
gular. As  a  leading  feature,  it  is  almost  excluslTelj  composed  of  fragments  of 
the  rocks  in  st^ll.  %  *  %  The  whole  mass  is  nowhere  more  than  thirty  feet 
thick." 

<*  2nd.  A  layer  of  clay  resting  either  on  the  coarse  drift,  or,  where  this  is 
wanting,  on  the  rook.  %  %  %  It  is  difficult  to  determine  its  ayerage  thickness, 
fh>m  the  fact  that,  in  many  places  where  it  is  highly  derelopcd,  it  sinks  belov 
the  waters  of  the  lake,  and  in  other  cases,  where  its  base  is  Tisible,  its  top  hu 
been  partly  washed  away.  %  %  %  It  appears  to  be  a  mixture  of  loam  and 
clay,  and  its  colour  is  owing  to  the  decomposition  of  the  red-sandstone  and  trap 
from  which  It  has  been  deriyed.  Though  the  main  mass  is  ooniposed  of  Tery 
finely  comminuted  substances,  and  often  of  an  almost  impalpable  powder,  yet 
many  pebbles  are  interspersed,  and  eren  boulders  of  considerable  nwt^  generally 
rounded  and  smoothed.  Fragments  of  metallic  ores  and  natire  copper  occur 
occasionally  in  it — the  latter  sometimes  weighing  soTcral  hundred  pounds.  It 
was  by  these  that  the  attention  of  the  early  trayellers  was  first  attracted  to  the 
copper  mines  of  the  region.    %  %  % 

**  3rd.  A  deposits  of  sand,  gravel,  and  pebbles,  irregularly  stratified,  %  %  * 
not  only  eoTers  the  clay  deposits  in  most  of  the  localities  where  the  latter  has 
been  obserred,  but  also  extends  oyer  many  places  where  this  does  not  reach. 
%  %  %  Layers  of  fine  sand  alternate  in  eyery  possible  way  with  layers  of  peb- 
bles,—sometimes  by  a  gradual  transition,  at  other  times  abruptly.  The  pebbles 
themselyes  are  composed  of  alt  kinds  of  stone— some  from  the  immediate  neigh- 
bourhood, others  from  places  more  remote.  They  are  generally  rounded  and 
smoothed.  The  same  is  the  case  with  boulders  imbedded  in  the  mass,  of  which 
there  are  many  from  flye  to  six  feet  through.  %  %  %  Its  greatest  thickness 
we  found  to  be  *  *  *  about  three  hundred  feet.  %  %  % 

**  4th.  A  considerable  number  of  isolated  boulders,  scattered  oyer  the  whole 
region,  form  the  uppermost  portion  of  the  drift  depositee.  «  «  «  As  to  their 
mineralogioal  composition,  there  is  eyery  yariety  of  rocks  to  be  found,  and  in 
many  instances  they  may  be  traced  to  their  origin  at  no  yery  great  distance." 

F08TB&  &  Whitnbt,  Report  on  the  Geology  of  the  Lake  St^erior  Xfliid 
District,  I.  pp.  186—91.  (Abridged.) 

*  "  It  is  well  known  that,  south  of  Lake  Superior,  transported  masses  of 
natiye  copper  arc  occasionally  met  with,  in  the  diluyial  deposits  which  are  80 
abundantly  spread  oyer  the  country.  «  «  «  The  source  of  these  transported 
masses  has,  heretofore,  been  somewhat  obscure  «  «  «  but  without  doubt  a 
yery  considerable  of  them  had  their  origin  from  true  yelns.    *  «  ♦    ^^^ 


Native  Copper  of  Lake  Superior.  485 

tants  than  the  Indians  ^ho  now  people  the  country ;  * 
— they  attracted  the  attention  of  practical  miners  more 
than  ninety  years  ago ;  f — ^and  are  still — as,  perhaps, 


great  transported  mass  of  natire  copper  on  the  Ontonagon  rirer,  which  contains 

about  four  tons  of  metal,  has  all  the  characters  of  the  other  loose  masses," 

Douglass  HovobtoHi  Proceedings  of  the  Association  of  Amerioan 
Geologists ;  SillimanU  Journal^  xli.  p.  29. 

*<  The:  copper-rock  or  boulder,  which  lies  in  the  yard  between  the  War  and 
NaTj  DepartmenU  In  Washington,  has  an  extraordinary  history.  It  was  brought 
from  the  banks  of  the  river  Ontonagon,  and  has,  it  is  said,  been  known  over  two 
hundred  years.  The  Jesuits  who  first  risited  that  part  of  the  country,  heard 
of  it  from  the  Indian  priests,  who  however  refused  to  conduct  the  missionaries 
to  the  spot  where  it  lay,  on  account  of  a  superstitious  belief  that  when  the  white 
man  had  seen  it  the  Indians  would  be  destroyed.  %  %  % 

**  During  the  visit  of  General  Cass  to  this  region  in  1820,  he  sent  a  party  of 
men  to  fetch  it.  They  burnt  a  large  pile  of  wood  over  it,  with  the  intention 
of  breaking  or  divesting  it  of  rock,  but  its  great  weight  prevented  them  from 
getting  it  away. 

"  In  1827  Mr.  George  Johnston  visited  it ;  but,  as  the  river  was  high  at  the 
time,  it  was  pretty  much  covered.  He,  however,  succeeded  in  raising  it  on  tkid$, 
and  in  cutting  from  it  some  fifty  pounds  of  specimens.  In  the  summer  of  1841 
or  1842  Mr.  Paul  and  an  educated  half-breed  named  Nicholas  Mincleer,  built  a 
cabin  over  it,  with  the  intention  to  secure  possession.  After  a  time,  when  their 
claim  seemed  to  be  undisputed,  it  was  removed,  with  great  labour  to  the  mouth 
of  the  Ontonagon  river ;  where  it  remained  during  the  greater  part  of  a  summer, 
and  was  finally  sold  to  Mr.  Eldred.  It  was  afterwards  claimed  by  the  Agent  of 
the  United  States,  and  was  finally  removed  to  the  seat  of  Government.  %  %  % 
By  order  of  Congress  Mr.  Eldred  was  paid  the  sum  of  five  thousand  six  hundred 
and  fifty  five  dollaas  (£1,178  :  2  :  6  Stg.)  for  his  services." 

Lake  Superior  Miner ^  ix.  (26th  September,  1857)  p.  21. 

"  About  [18C4]  two  years  since  [a  mass  of  copper],  which  weighed  about  18 
tons,  was  found  loose  on  the  drift  covering  the  rock  in  the  Mesnard  location  near 
Portage  Lake." 

Baubvkav,  Quarterly  Journal  of  the  Geohffieal  Soeisfy,  xxii.  (1864)  p.  452. 

*  "  Claude  AUoues  [who  visited  Lake  Superior  in  1666]  stotes  that  pieces  of 
eopper,  weighing  from  ten  to  twenty  pounds  are  frequently  found  by  the 
savages." 

Jaoxbon,  Eeport  on  the  QeohgUxU  and  MinoraXogioal  Survey  of  Londe  in 

Michiyan,  in.  p.  377. 
FosTBB  &  Whitmbt,  Report  on  the  Qeoloyy  of  the  Lake  St^^erior  Land 

District,  i.  p.  7. 

Ante,  pp.  412^19. 

t  '*  The  first  actual  mining  operations  within  historical  times  were  commenced 
near  the  Forks  of  the  Ontonagon,  in  1771,  by  Alexander  Henry.    Having 
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they  were  by  the  aborigines — sought  as  guides  to  their 
parent  lodes.*  But  less'generally  distributed,-^r  more 
correctly  speaking — perhaps  less  frequently  met  with, 
than  either  the  Shades  f  and  the  Stream  Hn-are  %  of 
Gornwalli  or  the  (Cascalho)  auriferous  detritus  §  of 
Brazil,  they  have  themselves — because  of  their  market 


worked  without  sncceu  for  a  while  at  this  point,  searching  in  the  clay  bliiA 
which  line  that  river  for  masaes  of  natiTC  copper,  operations  were  transferred  in 
the  neat  year  to  the  north  ahore  of  the  Lake  \  hut,  as  might  hare  been  expected 
under  the  eirenmstancesythey  proved  entirely  abortive." 

Whitnst,  MetaOie  WeaUk  of  the  United  Statei^  p.  247, 
"  On  the  side  of  a  rivulet,  ten  leagues  to  the  south  of  Lake  Superior  in  Korth 
America,  there  is  a  single  lump  of  native  copper,  about  four  tons  weight,  free 
ft'om  any  mixture  but  a  few  small  black  Stones  of  an  Iron  nature,  and  some  very 
fine  grains  of  CrystaL  «  *  «  No  vein  of  copper  was  discovered  on  the  south 
side  of  the  Lake,  near  this  lump ;  but  some  few  very  small  ones  on  the  north 
aide,  not  worth  the  pursuit  This  I  had  from  two  credible  Minera  of  Bedruth, 
who  were  sent  over  to  make  discoveries  in  consequence  of  this  singular  appear- 
ance,"—Pbtob,  MtMrdhgia  ComubwnaU  (published  in  1778),  p.  6L 


«  AnU,  p.  460. 

t "  Tin  is  found  disseminated  on  the  sides  of  hills  In  single  stones,  which  we 
call  Shodet,  sometimes  a  furlong  or  more  distant  from  their  lodes,  and  sometimes 
these  loose  stones  are  found  together  in  great  numbers  «  *  #  which  we  call 
a  Stream, — Boblabb,  Natural  Eietory  of  ComwaU,  p.  161. 

'*  In  certain  situations  the  Shades  are  in  greater  quantities  in  valleys,  than  on 
the  tops  or  sides  of  hills ;  but  such  are  smaller,  and  more  easily  carried  down  by 
water,  and  formed  into  strata,  which  ftirnish  our  Stream-worki.  «  ♦  *  The 
heaviest  stones  are  nearest  to  the  lode,  and  the  lighter  are  protruded  ♦  *  even 
to  five  miles  distance." — Pbtcb,  Mineraiogia  ComubieneiSf  p.  126. 

t  Haton,  OUervaHone  on  the  Western  Counties,  i.  pp.  159—74.  Bashleigb, 
British  Minerals,  ii.  p.  25,  PL  XXI, ;  Cornwall  Geol.  Trans,  n.  pp.  281— 4* 
Hawkins,  IHd,  I.  p.  235.  Smith,  GeoL  TWms.,  o.s.,  iv.  pp.  404—0.  Colenso, 
Cornwall  Oeol.  TVoiw.,  it.  pp.  29 — 39.  Game,  Ibid,  pp.  45—56.  Henwood, 
Ibid,  pp.  57—69 ;  v.  pp.  90«,  110, 129.  Winn,  B^parUofthe  Eo^al  Institution 
of  Cornwall^  xxi.    Ante^  pp.  452 — 8* 

%  Mawe,  Travels  in  BraeH,  p.  268.  Be  Saint-Hilaire,  Voyage  dans  le  distrid 
des  Dianums  etsurle  littoral  du  Brisil,  x.  pp.  127,  201.  von  Eschwege,  AnnaUt 
des  Mines,  viii.  p.  409;  Pluto  BrasUiensis,  pp.505— 6.  Southey,  History  of 
Brazil,  xii.  p.  827.  Claussen,  Bulletins,  de  VAcadimie,  Royale  de  Bruxelles,  vixi. 
Ire  Partie,  p.  335.    Ante,  pp.  342—51 


Native  Copper  of  Lake  Superior.  487 

value — been  in  but  a  eingle — and  that  an  unsuccessful 
— ^instance/  the  object  of  special  pursuit. 

In  1819  and  in  1823  Commissioners  were  appointed 
by  the  Government  of  the  United  States  to  examine 
the  entire  territory ;  f  and  in  1841  a  Report  on  its 
metallic  products  was  presented  to  the  Legislature  of 
Michigan  by  Dr.  Douglass  Houghton. j:  It  was  not 
until  the  cession  of  several  extensive  tracts  by  certain 
tribes  of  Indians  in  1843,  however,  that  permission  to 
search  for  minerals  and  to  work  mines  was  granted  by 
competent  authority ;  §  but  within  three  years  nearly 
a  thousand  concessions  were  made.  I 


•ilfile,  p.  485,Notet. 

t  Foster  A  Whitney,  Bepori  on  the  Q$ology  of  the  Lake  Sigserior  Land  Dietrid, 
X.  p.  13.  Whitney,  Metallie  WeaUh  of  the  United  Statee,  p.  247.  BiTOt,  AnnaXee 
dee  liinea,  6me  S<$rie,  tu.  pp.  179 — 81. 

X  "  In  1841  Dr.  Donglau  Houghton,  State  Geologist,  published  an  aceonnt 
of  his  observations,  in  the  form  of  an  Annual  Report  to  the  Legislature  of 
Michigan,  in  which  the  first  definite  information  with  regard  to  the  ocourrence 
of  native  copper,  in  place,  on  Lake  Superior,  was  given  to  the  public ;  which 
did  more  than  anything  else  towards  awakening  an  interest  in  that  region,  and 
directing  towards  it  the  attention  of  explorers." 

Whitmst,  MetaUie  WedUh  of  the  United  Statee,  p.  248. 

Foster  &  Whitney,  Report  on  the  Geology  of  the  Lake  Stqterior  Land  Distriet, 
X.  p.  18.    Bivot,  Annalee  dee  Minee,  5me  S^rie,  tii.  p.  180, 

{  Foster  A  Whitney,  Report  on  the  Geohgy  of  the  Lake  Superior  Land 
Dietrid,  i.  pp.  14--15.  Whitney,  MetalUc  WeaUh  of  the  United  Statee, 
p.  248. 

I "  The  whole  number  of  permits  granted  under  the  authority  of  the  Depart- 
ment of  War  amounted  to  about  one  thousand — nine  hundred  and  sixty  one 
were  located.  Sixty  leases  for  tracts  of  three  miles  square,  and  three  hundred 
and  seventeen  for  tracts  of  one  mile  square  were  perfected,  and  mining  com- 
panies organised  under  them."— Fostbb  &  Whztnbt,  Geological  Report  on 
the  Lake  Siqterior  Land  Dietriet,  i.  p.  16. 

"  In  the  summer  of  1844  »  «  «  the  first  mining  operations  were  eommenced 
on  leases  secured  the  year  before  «  «  «  and  discoveries  of  veins  and  deposits 
of  eopper  in  the  rock  were  made.  When  these  facts  were  reported  in  the  eastern 
cities,  of  course  with  many  exaggerations,  a  great  excitement  or  copper  fever 
was  the  resolty  and  in  1845  the  shores  of  Keweenaw  Point  were  whitened  with 
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The  following  columns — compiled  from  every  avail- 
able source  of  information, — contain  an  approximate 
account  of  the  produce,  from  the  autumn  of  1844  to 
the  end  of  1865. 


Tears. 


1845 
1846 
1847 
1848 
1849 
1850 
1851 


Copper. 


Fine. 
Tona  Avoir. 


i2*t: 

26»tt 
213 'tt 
461  •tl 

672  •  1 1 
572  •  1 1 
779  •  1 1 


Tetn. 

Copper. 

>           

r         - 
Onide. 

Tons  Avoir, 

Fine. 
Tons  Avcir. 

1852  

— 

792  •!! 

1853  

""~ 

1,297  ^t: 

1854  

2,054  1       1^68  S 

1855  

2,854  I      2,866  S 

1856  

5,112  X 

8,214  S 

1857  

\    6,142  t 

3,884  § 

1858  

6,264  t 

8,68011 

the  tents  of  speculators  and  so^ealled  geologists.  Many  hundred  jMrmtttf  or 
rights  to  select  and  locate  on  tracts  of  land  for  mining  purposes,  were  issued  bj 
the  Department,  and  three  hundred  and  seventy  scTen  leases  were  granted. 
Most  of  the  tracts  corered  by  these  were  taken  at  random,  ax^d  without  any 
explorations  whateTer ;  indeed*  a  large  portion  of  them  were  on  rocks  which 
do  not  contain  any  metalliferous  Tcins  at  all,  or  in  which  the  reins,  when  they 
do  occur,  are  not  found  to  be  productive.  In  1846  the  excitement  reached  its 
climax;  and  the  speculations  were  continued  as  long  as  it  was  possible  to  0nd 
purchasers.  «  ♦  ♦  But  erery  such  mania  must  hare  an  end,  and  in  1847 
the  bubble  had  burst,  and  the  country  was  almost  deserted.  Only  half  a  doaen 
eompanies,  out  of  all  that  had  been  formed,  were  actually  engaged  in  mining*" 

WHirxsT,  M§ialUe  Weaith  of  the  United  Simiet,  p.  249. 

BiTot,  Annake  den  Minea,  6me  S6rie,  Tii.  p.  181.     Snow,  Ante^  p.  ^^t 
Note  •. 

♦  Whitney,  Metattie  WeaUh  of  the  United  Statea,  p.  304. 
t  BiTot,  Annates  dee  Minee,  5me  S6rie,  tii.  p.  827. 

X  Report  of  a  Joint  Committee  of  the  SenaU  and  JtqnmentvHwee  to  th$  Uf»r 
hUwte  ef  Miehi^fon,  zzx.  (1861)  p.  5. 


{  John  SimpkinSyEsq.,  of  New  York,  Metal  Broker,  MSB. 

UNev  York  DaU^  Tribune,  19th  Jannary,  1869. 
(12ih  February,  1859)  p.  103. 
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Copper. 

^         ,    ,, 

Years. 

Copper. 

Tears. 

r                                       ^ 
Crude.           Fine. 

Tone  Avoir.  Tons  Avoir, 

r 

Crude. 
Tons  Avoir, 

Fine. 
Tons  Avoir* 

m 

1859   ... 

6,469  ♦! 

4,548  § 

1863  .. 

7,682  tt 

6,842  ♦* 

1860  ... 

7,674*1 

5,889  § 

1864  .. 

7,645  «§§ 

5.852  ••  §§ 

1861   .. 

9,229  II 

6,607  II 

1865  .. 

8,904  in 

6,233  ♦♦ 

1862   .. 

8,064  f 

5,645  *♦ 

Thus,  in  less  than  twenty-two  years  after  the  com- 
mencement of  systematic  mining,  this  region  has 
yielded  some  58,542  (Avoir.)  tons  of  fine  copper. 


•  lUporto/thB  SenaU  and  IUprm0tUati9$$  of  Michigan,  xix.  (1801)p.  5. 
t  Ths  JobU  OommUU§'\ 

tha  DgiroU  DaUg  Tribim§) 


The  Portag§  Lake  JTteln^N 
GaaMU,  III.,  Ic the  UnUsdl 

Suam  XUtOroad  ^  Mininay „    0^041 

BsgiaUr,  v.  («Dd  Feb.  1801)  ( 
No.97, ; 

t  The  UnUmiataimJUM-\tiUu  the  retoms') 
may  tmd  Mimimff  RagUUr,  \     In  1800  to  have  >  8^78 
▼.(Sod Feb.  1801)  No.  87..)     bera ) 


n 


Tke  iMfwtt  iM^  XVOwM „ 

w   Portage  Lak§  Mkthtg  OaattU  I 
xxz.  (1801) )  '• 


8»fi08 
8»814 


II 


6,aM 

7jOS8 

7,071 
7,081 

8,S14 


»i 


„   Jotmt  CammUt§t9f  tJu  SmaW) 

OMm  M^prtunitMoee i^f §•    ••■•••  8|0OO  m 

JTiflU^amzu.    J 

{  "  8,543*4  tons  of  rough  are  eqval  to  6,000  tons  of  ingot  copper." 

Umied  8iate$  Baiboay  and  Mining  lUgitter,  T.  (2nd  Feb.,  1861 )  No.  37. 

I  Dupes,  Beck,  and  Sayles.   Portage  Lake  Mining  QaeeUe,  iii. 

%  Tbe  Mining  Jimmalf  \  states  the  return  ) 
xnuii.  (llth  April,  1808)  S     In  1809  to  baTe  {  0,015  United  Statee,  or  8,040  Avoir ^  Tons. 
P.S80. )     been ) 

The  Min*H§  €hu§eu , 8^010  „  8,880  ,, 

M    Ontonagon  Miner „    O^OOB  „  8^001  „ 

**  Crude  metal,  estimated  to  yield  70  per  cent,  of  fine  copper. 

ft  Onionagon  Miner, 

tt  Lake  Siqterior  Mining  JowmaL    Mining  Journal^  XXXT.  (8th  April,  1866). 

fi  Banennan,  Quarterig  Journal  of  the  Geohgioal  Society^  xxii.  (Not.  1866), 
p.  466. 

II  Miming  JoumaifTOxyi,  (Feb.  8rd,  1866),  p.  66. 


For  most  of  these  particulars  the  Author  Is  indebted  to  his  Friend,  Ebeneser 
North  Willcoz,  Esq.,  of  White  Woods,  near  Detroit. 
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On  the  Metalliferous  Deposits  of  Gloucester, 

IK  New  Brunswick. 

Notwithstanding  great  part  of  Gloucester  is  still 
covered  with  virgin  forests,  many  natural  sections  of 
the  granite,  slate,  sandstone,  conglomerate,  and  shale 
are  exposed  on  the  coast,  and  in  the  banks  of  several 
rivers,  which  converge  towards  Bathurst  the  County- 
town.* 

(I.)  The  granite  rises  from  beneath  other  rocks  near 
the  Bay  de  Chaleur,  and  extends  thence  in  a  south- 
westerly direction  to  the  confines  of  the  Province-f 

•  <•  The  town  of  Bathurst  h  situattd  on  either  ilde  of  »  hftrboar,  or  bay,  tome 
six  or  eight  miles  in  depth,  and  four  or  flye  wide,  which  is  formed  bj  the  mouths 
of  three  riyers— the  Tatagonche,  the  Middle,  and  the  Nepisigoit— which  fall 
into  it.**— JoHNSTOK,  yote$  on  North  America,  ii.  (1845)  p«  250. 

t  Lyell,  IVatfeU  in  the  UnUed  Statei,  ii.  (1845)  p.  250,  PI.  II. 

*<  The  granite,  gneiss,  and  mica-slate  form  a  broad  riband  extending  across 
the  Proyinoe,  between  two  bands  of  day-slate  rocks." 

Johnston,  Report  on  the  AgrieuHwroi  eapahiliiiee  of  Nmo  Bnmiwkk 
(Second  Edition,  Fredericton,  1850),  p.  8. 

"  The  primary  rocks  of  granite,  gneiss,  and  mica-slate,  form  a  broad  belt 
extending  directly  across  the  Proyince,  near  its  centre,  in  a  north-easterly 
direction,  «  «  «  It  enters  the  Proyince  f^om  the  United  SUtes  aboye  Wood- 
stock, embracing  Mars  Hill  near  the  Des  Chutes  riyer,  and  the  range  of  hills 
known  as  the  Tobique  mountains,  all  which,  howeyer,  are  less  than  2,000  feet 
in  height,  except  one  which  rises  to  the  height  of  2,170  feet.  At  the  western 
end,  this  belt  of  hilly  country,  is  supposed  to  be  40  miles  wide ;  but  it  narrows 
gradually  in  its  north-easterly  course,  and  the  hills  decrease  in  height,  until 
they  finally  disappear  before  reaching  the  Bay  of  Chaleur  near  Bathurst." 
Pbelbt,  Hand  Book  of  InfbrmaHon  for  Emiffranie  (London,  1857),  P-  ^^' 

'*  A  low  range  of  granite  stretches  from  the  Atlantic  coast  of  Maine  to  the 
Bay  of  Chaleurs.*'— 'Hind,  PreUmmarjf  Report  on  the  OeoHogy  of  Kew  Brunt- 
wiek  (Fredericton,  1865),  p.  41. 

"  The  great  central  belt  [of  granite],  entering  the  Proyince  f^m  the  State  of 
Maine,  passes  through  the  counties  of  York,  Northumberland,  and  Qlouoester, 
and  extends  to  within  a  short  distance  of  the  Bay  of  Chaleur,  at  Bathurst.  " 
Bailbt,  Obtervaiiont  on  the  Qeohffy  of  Southern  New  BruMUMk 
(Fredericton,  1865),  p.  84. 
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It  occurs  on  both  the  Little  and  the  Middle  (Ne- 
pisiguit)  rivers ;  and  has  been  traced  along  the  banks 
and  in  the  bed  of  the  (Big-river)  Nepisiguit,  at 
intervals,  for  nearly  twelve  miles  towards  the  south. 
Greyish-white  or  pale-pink  febpar,  semi-translucent  or 
milk-white  quartz,  and  dark  mica,  are  the  common 
ingredients.  The  structure  is  mostly  granular ;  though 
now  and  then  it  becomes  porphyritic,  as  large  crystals 
of  flesh-coloured  felspar  abound.  Sometimes,  however, 
these  preserve,  among  themselves,  a  certain  parallelism; 
and  the  rock  then— opening  in  somewhat  ill-defined 
beds— assumes  rather  the  character  of  gneiss.^ 

At  Glendinning's  island,  near  the  last  rapid  in  the 
Rough-waters  of  the  Nepisiguit,  a  broad  felspathic 
dyke  of  porphyritic  structure  t — bearing  20** — 30*"  W. 
of  N.-E.  of  S. — intersects  the  ordinary  granite.  And 
at  the  falls  of  the  Pabineau  as  well  as  at  the  Middle 
Nepisiguit  the  prevailing  rock  is  traversed  by  narrow 
veins  of  quartzose  granite  ;:|:   of  which  the  greater 

•  «  The  granite  is  fint  aeen  near  the  coaat  on  Middle  river,  abont  a  mile  and 
a  half  west  of  the  Nepisignit,  and  an  eighth  of  a  mUe  from  the  Harbour.  It 
appears  on  the  Nepisiguit  at  the  Rough  Waters  [which  for]  more  than  tiro  miles 
flow  oyer  it.  «  *  4^  Two  and  a  half  miles  above  the  Pabineau  falls  granite 
also  oeoars  in  low  domes  on  the  north  side  of  the  Nepisiguit. 

**  At  Bough  Waters  it  consists  of  white  felspar,  black  mica,  and  translucent 
quarts."— 

HiHD,  PnUmmarf  Btg^  <m  ike  Otology  of  New  Brumwiek,  pp.  42^8. 

•*  The  curious  and  beautiful  channels  of  the  Pabineau  Falls  are  formed  of  nearly 
flat  and  water-worn  masses  of  pinkish  granitCi  which  probably  forms  a  great 
anticlinal  axis."— Bailxt,  Ob$ervaiioni  on  the  Qooiogy  of  Southern  New  Bnme- 
wiek,  p.  11  (abridged). 

t  *'  At  the  foot  of  the  Rough  Waters  there  is  a  felspar  dyke  containing  red 
crystals  of  the  same  mineral." 

HiNP,  Preliminarjf  Report  on  the  Geology  of  New  Bnmewiekf  p.  44. 

}  Henwoody  Proeeedinge  of  the  Qeologieai  Society  of  London^  ixi.  (1841), 
p.  464. 

YYY 
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number  bear  26**-40**  S.  of  E.— N.  of  W^  but  some 
range  20*-26'  W.  of  N.— E.  of  S.* 

Earthy  brown  iron-ore  (gossan) — largely  mixed 
with  quartz  in  one  of  these -^  is  the  only  metallic 
mineral  yet  found  in  the  granite.t 

The  granite  of  different  localities,  is  divided  by 
joints,  in  the  undermentioned  directions. 

Looalltiet.  Bireetioiii.* 

littliNepWgnit    {^ilfl: 


I  I  —  B.ors.  f  I  — 


SO^N.ofB. 

il    —  KoTS.  )  (— 8.of  W« 

„8M<mdipot     fSO^N.ofB. 
I  —  a  of  w. 

wTUrdipot ) 

(  —  W.  of  8. 

Fdlsofthe)  (80<>W.ofN.    86<*N.orW.     25»B.ofN. 

Pabin.auJJ  _B.ofa      -  S.  of  B.       -W.  of  a 

N.pUlg«it      ....^    .Saco-^ipolP^*^-"'^-    260KofW, 

(  —  B.  of  S.      —  8.  of  B. 

(  —  B.  of  a     —  8.  of  B.     —  8.  of  W. 

(IL)  The  slate  series  is  of  varied  character. 

(a.)  A  fine-grained  though  an  irregular  admixture 
of  felspar  and  hornblende,  thinly  sprinkled  with  small 
crystals  of  felspar,  forms  sometimes  a  crystalline,  but 
more  frequently  a  thick  lamellar,  slate,  of  green,  grey^ 
or  brownish  hue ;   which  dips  towards  the  west,  and 


•"Jn  1840  tho  Mtgnetie  dodination  obiorrtd  at  Balhovde  (Heron)  Uand  in 
the  riter  Beetigoiiehe  wm  20"  16'  West." 

BATTSMLDt  Phii,  IVoMt  ozzzix.  (1840)  p.  211.    BAMom,  iM;  Pk  XIV, 

t  **  Beyond  their  application  for  building  purpotee  •  •  •  the  rooks  of  this 
Mries  are  vlthovi  eeonomieal  Talue." 
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either  overlies^  alternates  with,*  or  is  penetrated 
by  highly  felspathic,  and  occasionally  hornblendic, 
granite,t  in  various  parts  of  the  Middle  river. 

The  slate  contains  much  quartz ;  which  occurs  now 
and  then  in  isolated  masses,  but  more  commonly  in 
veins.  Most  of  these  are  only  a  few  feet,  but  some  are 
several  fathoms,  in  length ;  and  though  usually  less 
than  an  inch,  one  here  and  there  is  three  or  four 
inches,  in  width.  Notwithstanding  their  somewhat 
variable  direction,  they  often  affect  two  distinct  series ; 
one  bearing  20'— 25"  E.  of  N.— W.  of  S.,  the  other 
about  £  and  W,  The  first  coincides  with  one  system 
of  joints  in  the  granite  below  ; ;{:  but  both  are  oblique 
to  the  cleavage.  Where  they  interfere — a  few  unite; 
— some  are  simply  intersected  by  others; — and,  oc^ 
casionally  one  is  (heaved)  displaced  by  another ;  but 
the  displacements — even  of  similar  parallel  veins  by 
the  same  intersecting  vein — are  frequently  in  opposite 
directions.^    And  sometimes  the  vein  which  intersects 

*  **  The  grmnite  consists  of  a  series  of  Terj  narrow  belts  (at  least  ten  In  number 
on  the  Miramicbi)  with  sohlsts  and  metaUiferovs  slates  between  them." 

Hind,  PreUminaiy  Beparton  the  OeoJogy  qf  New  Bnuuwick,  xiii* 

De  Lne,  Oeoloyical  TraveU.  m.  p.  293.  William  Phillips,  GeoL  Dratu.,  o.s., 
u.  pp.  162— 6*  Sedgwick,  Cdmhridfe  Pkil,  Jhmt,  x.  p.  122.  Bichard  Thomas, 
Survey  of  the  District  between  Chaeewater  and  Camborne,  pp.  10,  84,  44.  Came, 
ComwaU  Qeol,  Trana,  ix.  p.  74.  Hawkins,  Ibid^  p.  878.  yon  Oeynhausen  ft 
ton  Dechen,  PhU,  Mag.  ^  AnmaU^  y.  pp.  241—2.  Boase,  ComwaU  Qeoh  Trane,^ 
xy.  p.  303.  Henwood,  PAtf.  Mag,  ^  Annate,  x.  p.  860 ;  Cornwall  Qeol.  Drone., 
y.  pp.  60,^8,  61,  71,  96, 148,  Tables  VII.,  XXI.,  XLIIL,  LIII.,  LVIIL,  PI. 
VI.  Jig.  6. 

t  *'  At  the  Middle  riyer  the  granite  is  oyerlaid  by  thick-bedded  greenish  slate ; 
which  is  trayersed,  near  the  junction  by  numerous  yeins  of  granite." 

HxKirooD,  Proceedings  of  the  Qeologicdl  Society  of  London,  iix.  p.  454. 

X  Amu,  p.  402. 

§  Thomas,  Survey  of  the  District  between  Chasewater  and  Camborne,  p.  22. 
Ante,  p.  188|  Note, 
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in  one  spot,  is  itself  intersected  in  another.  All  these, 
however,  are  severed  by  beds  and  narrow  veins  of 
granite. 

In  the  same  neighbourhood  a  broad  band  of  felspar 
porphyry  *  interlies  the  slate,  conforms  to  its  cleavage, 
and  shades  into  it  gradually  on  either  side. 

Neither  metal  nor  ore,  of  any  kind,  has  yet  been 
found  in  the  vicinity. 

(b.)  At  Long  Meadow,  on  the  Nepisiguit,  many 
irregular  concretions,  and  short,  crooked,  veins  of 
quartz,  are  enveloped  in  a  thin  body  of  much-contorted, 
green,  chloritic  slate,!  which  separates  the  granite  j: 
from  the  sandstone. 

From  the  Middle  Landing  to  the  Red  Brook  the 
slate  still  abounds  in  chlorite ;  but  disintegrated  felspar 
is  not  uncommon,  and  scales  of  red  iron-ore  often  face 
both  the  planes  of  cleavage  and  the  joints. 

(c.)  At  Daly's — an  eastern  settlement — on  the  Tat- 
tagouche  §  — the  slate  is  homogenous,  deep-blue, — nnd 
of  silky  lustre.  Its  planes  of  cleavage — which  dip 
towards  the  north-west — are  interlaid  by  short,  thin, 
conformable  beds  and  small  concretions  of  quartz, 
slightly  sprinkled  with  iron-pyrites,  and  minute  quan- 
tities of  yellow  copper-ore. 


*  HenWood,  Proceedinff$  of  the  Bcydl  Geologieal  Sodeiy  of  ComwaU,  0th  Oct., 
1840. 
t  **  Near  the  Long  Meadow  a  greeniBh  elate-roek  ii  in  contact  with  the  granite." 
Hbxwood,  Proeetdinfft  of  the  Qeologieal  SoeUty  of  London^  in.  p.  464. 
X  AnU,  p.  491. 

i  In  the  Mapi  of  the  Society  for  the  Diifiuion  of  Useful  Knowledge  (130—1) 
this  river  is  called  the  Jittingouche. 
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(</•)  About  eight  miles  north-west  of  Bathurst  the 
Tattagouche  rushes  through  a  wooded  ravine,  scarcely 
a  stone^throw  in  width,  but,  perhaps,  one  hundred  feet 
in  depth ;  where — from  the  different  hardness,  and  the 
unequal  wear,  of  various  parts  of  its  bed, — it  forms  a 
singularly  beautiful  cascade. 

The  rocks  immediately  below  the  fall,  and  their  con- 
tinuation in  either  bank,  consist  mostly  of  greenish 
chlorite  irregularly  banded  with  brown  felspar ;  open- 
ing—obliquely to  such  bedding — in  a  somewhat  im- 
perfect lamination,  which  dips  towards  the  south. 

The  precipice  is  flinty-slate  of  chocolate  hue; 
divided,  by  short  curved  joints,  into  small  lenticular 
masses,  of  compact  structure  at  the  surface/  but 
slightly  schistose  underground. 

The  succeeding  rocks  are  generally  thick  lamellar, 
but  occasionally  they  are  fissile ;  their  colours  are  of 
every  variety  between  chocolate-brown  and  light-pink, 
yet  sometimes  they  are  either  shaded  with  green,  or 
mottled  with  black  and  white.  Isolated  cubic  crystals, 
as  well  of  vitreous  copper-ore  as  of  iron-pyrites,  occur 
at  considerable  intervals ;  and  from  this  part  of  the 
series,  —  but  from  no  other,  —  a  few  specimens  of 
Crinoidea  have  been  obtained.f     The  grey  and  black 


« 


Close  to  an  interesting  fall  of  the  Tatagouche,  where  it  partly  outs  its  way 

through,  and  partly  falls  OTor,  the  edges  of  hardened  slate-rocks,  a  manganese 

mine  [was  formerly  wrought]." — Johnston,  JVbtos  on  North  America,  ix.  p.  10. 

t "  In  a  reddish-brown  slate  near  the  Tatagouohe  falls  some  portions  of  an 

EnermiU  were  found." 

Hbhwood,  Proceediftg$  of  th§  Geological  Society  of,  London,  xxi.  p.  454. 
'•  At  the  foils  of  the  TatUgouche  «  «  «  the  beds  of^lates  are  highly  colored, 
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oxides  of  manganese  are  often  separately  aggregated, — 
but  are  occasionally  mixed  with  brown  iron-ore, — ^in 
short,  narrow,  lenticular  masses,  small  shapeless  lumps, 
and  thin  strings  of  quartz  flecked  with  slaty  matter ; 
which — generally  conforming  to  the  planes  of  cleav- 
age, though  now  and  then  throwing  off  branches  on 
either  side, — are^  at  intervals,  enclosed  in  the  slate,  for 
a  width  of  several  fathoms.* 

(6.)  The  rocks  next  in  succession  have  much  the 
same  composition  and  structure,  but  are  of  bluish- 
green  hue,  and  silky  lustre.  They  alternate^  at  wide 
intervals,  with  bands  of  greenstone ;  which,  unlike  the 
flinty-slate  at  the  falls, — are  compact  underground, 
but  schistose  at  the  surface.  Both  the  clay-slate  and 
the  greenstone  are  interlaid  by  conformable  beds  of 
rather  different  character ;   which  are  usually  several 


in  •ome  parta  red,  in  others  deep  brown  or  bleek,  tad  strongly  xesemble  those 
near  the  Falls  of  the  Nepisiguit.  They  cross  the  stream  with  a  strike  B.  10®  S., 
having  a  dip  of  about  60*  towards  the  South." 

Baxlmy,  R^iwt  an  the  Afmss  and  Mmeraii  of  New  Bnmetoiek^  p.  12. 

HiKD,  Preliminary  Report  on  the  Oeology  of  New  Br%mewiek^  p.  149. 


*  «  At  the  Tattagonche  falls  a  reddish-brown  slate  oontains  many  small  yer- 
micnlar  and  nodnlar  masses  of  the  oxide  of  manganese." 

Hb2IW00I>,  Proeeedingeof  the  Oeohgieal  Society  ^  Londoth  ziz.  p.  464. 

*<  Orey  oxide  of  manganese,  highly  erystalliied  and  of  fine  quality,  has  been 
worked  to  some  extent  on  the  Tattagouehe  river,  near  Bathnrst,  and  thence 
shipped  to  England."— Fxrlbt,  Hand  Book  of  New  Bnmawiekt  p.  86. 

"  The  manganese  is  found  in  veins  of  various  sises,  imbedded  in  quarts,  and 
running  without  much  regularity  through  the  slates,  which  are  everywhere 
stained  with  it.  The  manganese,  which  is  the  black  oxide,  is  highly  crystallised 
and  affords  very  handsome  and  brilliant  specimens,  the  crystals  being  sometimes 
as  much  as  half  an  inch  long,  and  grouped  in  fibrous,  radiating,  and  stellate 
forms.  The  lode-stone  of  the  manganese  is  both  heavy-spar  and  quarts,  the 
lode-walls  being  slates." 

Bailst,  lUport  on  the  Mines  and  Minerak  of  New  Brtmiwieh^  p.  13. 
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fathoms — though  at  times  of  but  a  few  feet — in  length ; 
and  commonly  fix)m  twelve  to  eighteen  inches — yet 
now  and  then  of  three  or  four  feet — in  width.  Their 
central  parts  consist  mostly  of  quartz;  but  towards 
their  extremities  they  shade  gradually  into  the  slate, 
and  are  no  longer  identified.  Several  of  these,  and  a 
few  of  the  joints,  contain  quantities  of  iron-pyrites ; 
sometimes  slightly  mixed  and  thinly  sprinkled  with 
yellow  copper-ore.* 

(/I)  Near  Clarke's  camp,  an  upper  part  of  the  same 
river,  and  at  Armstrong's  brook,  one  of  its  tributaries, 
homogenous,  blue,  clay-slates,t  which  alternate  with 
narrow  bands  of  greenstone,  are  interlaid  by  conform- 
able beds  of  quartz  mixed,  more  or  less,  with  slaty 
clay,  calcareous-spar,  and  galena,  as  well  as  with  iron 
and  copper  pyrites.  Several  such  beds  have  been 
opened  at  both  places,  but  in  vain. 

(ff.)  Within  a  short  distance  of  Bathurst  the  Little 
(river)  Nepisiguit  falls,  in  a  picturesque  cascade,  over 
a  broad  bed  of  greenstone ;  disposed  in  layers  alter- 
nately of  compact  and  of  schistose  structure;  fine- 
grained in  some,  but  coarse  and  porphyritic  in  other, 
plaoes.    The  cleavage  of  the  rather  fissile,  homogenous. 


•  «  Th0  copper  lodes  do  not  approaoh  those  of  manganese,  although  both  art 
Imbedded  in  metamorphio  slates.  There  is,  howeTer,  a  marked  difierenoe  of 
color  between  than ;  the  manganese  rooks  being  reddish  and  approaching  black, 
while  those  bearing  copper  are  of  a  bluish  tint.  The  two  are  conformable— •',«. 
their  planes  of  stratification  are  parallel— the  manganese  being  superior.  Both 
are  inclined  at  a  very  high  angle.  4r  •  4r  The  lodes  containing  the  copper  oro 
are  numerous,  there  being  no  fewer  than  seten  within  sixty  feet.  •  4r  •  Thej 
are  composed  of  quarts,  rocks  called  flugan  and  ^oasofi  by  the  miners,  with 
mimd^D  or  iron  pyrites,  and  the  ore,  copper  pyrites.'*— Bailxt,  Bitporii  p.  13. 

t  Heawood,  PrpceMlifi^  of  ih$  Oeokgical  Soei9ty  qf  Londmt  ni.  p.  454. 
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glossy,  bluish-grey,  slate  it  interlies  is,  on  both  sides, 
parallel  to  that  of  the  schistose  greenstone.  Both 
above  and  below  the  fall,  the  clay-sIate,  for  a  width 
of  several  fathoms  on  either  side  of  the  broad  band, 
is  likewise  interlaid  by  conformable  beds,  composed 
chiefly  of  quartz,  yet  here  and  there  mixed  with  slaty 
matter,  scaly  red  iron-ore,  and  iron  pyrites.*  After 
short  ranges,  however,  all  such  beds  mei^  in  the 
(Country)  slate. 

(A.)  From  ten  to  twelve  miles  up  the  Middle  (river) 
Nepisiguit  the  quartzose  clay-slate  which  prevails  is 
interlaid  by  lenticular  bodies  of  quartz ;  but — ^though 
enclosing  isolated  masses  of  slate — they  afford  no  trace 
of  ore. 

(i.)  At  the  Narrows  of  the  (Big  river)  Nepisiguit 
homogenous,  glossy,  deep-blue  clay-slate  alternates 
with  broad  bands  of  quartz,  here  and  there  friable, 
but  generally  of  granular  structure.  These  are,  in 
many  places,  heavily  charged  with  iron-pyrites ;  which 
has  yielded  to  atmospheric  influence  and  deeply  tinged 
its  matrix.f 

• «  Among  the  tpeeimeiis  ihown  me  by  Mr.  Baldwin,  fonnerlj  Sheriff  of 
Olonoester  County,  wm  one  of  auriferont  qnarti,  which  he  had  found  upon 
Grant*!  Brook,  a  branch  of  the  Little  Nepisiguit  soTeral  years  ago.  Its  sorfaee 
exhibited  numerous  branching  veins  of  gold,  and  promissed  to  yield,  by  emshingi 
considerably  more*  He  had  since  hunted  for  more  in  the  same  locality,  but 
without  success." 

Bailct,  Report  on  the  Minet  and  Mineralt  of  New  Brumwiekj  p,  14. 

t  Red  slates,  similar  to  those  which  are  found  near  Woodstock,  are  seen  a 
little  aboTe  Nine  Mile  Brook.  The  river  runs  on  the  strike  of  the  rock  here, 
and  the  purple-red  slates  which  occur  five  miles  higher  up  the  stream,  9Jt 
repetitions  of  the  red  slates,  more  deeply  colored  with  manganese  than  iron. 
Indeed,  it  may  be  said  that  for  a  distance  of  six  miles  the  river  appears  to  flow 
on  or  close  to  the  belt  of  red  slates,  with  their  iron  and  manganese  ores." 

HivD,  PreUminarjf  Report  on  the  Geology  of  New  Brumwiek,  p.  148. 
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(j)  In  the  crumpled  and  contorted  chloritic  slate,* 
which  prevails  near  the  Middle  Landing,  disintegrated 
felspar  is  occasionally  a  large  ingredient.  The  joints 
are  often  faced  with  minute  crystals  of  quartz,  and 
filled  with  earthy  red  iron-ore. 

(A.)  Between  the  Middle  Landing  and  the  Portage- 
brook  spheroidal  concretions  of  argillaceous  matter 
abound  in  certain  beds  which  alternate  with  the  ordi- 
nary thick-lamellar,  bluish-grey,  clay-slate.  At  and 
near  the  water's  edge,  it  contains  a  few  thin  layers  of 
quartz  sprinkled  with  iron-pyrites;  but,  after  very 
short  courses,  they  dwindle  and  disappear. 

(I.)  The  Chain  of  Rocks  consists  of  fine-grained 
greenstone-slate. 

(m.)  The  Grand  fall  of  the  Nepisiguit  has  worn  a 
deep  pit  in  the,  slightly  quartz-veined,  dark-blue  clay- 
slate  at  its  foot-t 

(n.)  At  the  edge  of  the  fall  globular  and  reniform 
masses  of  quartz,  crystals  of  felspar,  and  lamellar 
hornblende  form  thick  beds ;  interlaid  by  a  band  of 
similar  ingredients,  but  of  compact  structure,  in  one 
spot ;  and  by  lenticular  bodies  of  quartz,  said  to  con- 
tain copper-pyrites,  in  other  places. ;{: 

•  Ante,  ip,  i9i. 

t "  Below  the  Falls,  and  close  to  the  first  Salmon  Pool  there  is  a  belt  of 
glistening  talcose-micaceous  schist,  ♦  #  ♦  of  a  brilliant  and  lustrous  golden 
color." — Hind,  Prelimifiary  Report  on  the  Oeoh^y  of  New  Brunetoiek^  p.  148. 

**  All  the  rocks  in  this  Ticinitj  are  highly  ferruginous,  the  slates  being  some- 
times micaceous,  and  at  others  containiog  cubical  crystals  of  the  sulphuret  of 
iron."^BAiLBY,  Report  on  the  Mines  and  MineraU  of  Keto  Brttntwiek,  p.  10. 

In  this  pool  two  Indian  boatmen,  who  accompanied  the  writer,  speared,  by 
torch-light,  twenty-three  salmon  in  an  hour. 

X  "  The  slates  just  below  the  Falls  are  porphyritic,  but  a  cursory  examination 
failed  to  detect  in  them  any  traces  of  copper.  ♦  ♦  ♦ 

zzz 
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The  foU&wing  columns  show  the  strike  and  dip  of 
the  cleavagei  las  well  as  the  directions  of  certain  joints, 
in  the  slate-rocks  already  mentioned. 


Localities. 


^  r 


Cleatige. 
^* 


Tattagonehe  . 


Direetioo.  Dip. 

25*'E.ofN.    N.W.60»-70' 


Joints. 


■^»  — j«  - 

UUfCUOD* 


Daly'. C2«-E.of». 

l^  W.  of  S. 

p^g. r  20*'  N.  of  E.    8.  60*— 70' 

I— 8.  of  W. 


AboteFalli..     B.— W.  ..     a  45**— 60^ 

.'N.B.-8.W.      8.E.  66® 
Clarke 


iN.E.-8.W.      8.E. 
25<>B.ofN.| 
-W.  of  8.  )  f*^- 


70* 


^'^!!fr''"     (260B.ofN.    8.B.70- 


brook   •••• 


.  •     D»B»*~rv  •  w  • 

(  26'*  8.  of  E. 

••     (  — N.ofW. 

1 26<»  B.  of  N.    8.B.  70"*       . .    j  26*  &  of  B. 

I— W.ofS.  I  — N.ofW. 

litUe Nepiiigult    r26*»E.ofN.    8.W.70®     .•      SB—N.W. 

I— W.  of  8. 

Middle  NepUigtUt f26*>8.ofB. 

I— N.ofW. 

(26*»W.ofN. 
•  •  •  •  I 

(  —  E.  of  8. 
Neplsiguit      ....y  l^»««M«adoirt         _  Contorted. 

40»W.ofN. 


Narrows 


26*»W.ofN.    8.W. 


Kiddle  LandlDft 


/40'W.ofN. 
I  —  £.  of  8. 


*'  At  the  Orand  Falls  a  highly  siliceons  rock,  of  slaty  character,  was  seen  to 
contain  specks  of  sulphuret  of  copper." 

HiKD,  Preliminary  Report  on  the  Geology  of  New  Bruntwiekt  p.  147 — 8. 

**  Contorted  slates  form  the  wild  scenery  of  the  Nepisiguit  Falls." 

Bailst,  Report  on  the  Minee  and  MineraU  of  New  Bruntwick,  p.  10. 

**  On  the  lower  Nepisiguit,  near  the  Orand  Falls,  I  collected  the  sand  and 
gravel  which  had  been  lodged  in  creTices  on  the  side  of  a  deep  declitity  down 
which  a  small  stream  flows  in  spring  and  autumn.  I  washed  about  one  gallon 
of  the  sand  and  found  seyeral  small  grains,  two  filaments,  and  some  very  fine 
gold."— .Hind,  Preliminary  Report  on  the  Geology  of  New  Brunewick,  p«  224. 

•  <<  These  beds  of  slate  ♦  «  ♦  cross  the  stream  with  a  strike  E,10*^S.yhaTing 
a  dip  of  about  60®  towards  the  south."— Bailbt,  Retort,  p.  18. 


t  <*  Pursuing  our  way  from  the  Falls,  we  pass  oyer  sandstones  and  slates  dip- 
ping westward."— I&uf,  p.  10. 
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Localities.  Cl«aViage. 


.> ^, ^ ^ 

Direction.  Dip. 

Aft.rloogbalow(*0°W.ofN.     S.W.  60M0« 

Gnnd  FaU*..  (  •—  E.  of  8. 

f40*>W.ofN. 

I— E.o£S. 

Grand  Fall  ..  < 

(  — E.of  S. 


Nepisigiiit /  f  40*>  W.  of  N.    8.  W.  70* 

^  ^  Below  G.Fall«  ' 


(III.)  The  succeeding  rocks  are  conglomerates,  sand- 
stones, and  shales. 

(a.)  About  two  furlongs  below  Blackstock's  mill  on 
the  Tattagouche,  the  conglomerate — which  abounds  in 
rounded  masses  of  slate  and  quartz, — rests,  in  almost 
horizontal  beds,  on  a  fissile,  greenish,  but  somewhat 
variegated,  slate;  of  which  the  cleavage  dips  about 
70**  towards  the  S.W.f 

(6.)  The  thin  stratum  of  contorted  slate,  which 
rests  on  granite  at  the  Long  Meadow,;):  is  overlaid  by 
nearly  horizontal  beds  of  conglomerate,^  and  these 


>» 


*  '*  Below  the  Falli,  the  talco-micaceoui  achiit  [has]  an  easterly  dip.' 

HiKD,  PreUmtnarjf  Hepori  on  the  Owoloffif  of  Nmo  Brutuufiek,  p.  14S« 

t  *' The  day- slate  ♦  ♦  ♦  which  forms  both  banks  of  the  Tattagonche  •  •  • 
is  overlaid  near  Blackstock's  mill  by  the  ♦  ♦  ♦  conglomerate  of  the  ooal* 
measures."— Hbitwood,  ProeeedinffMo/ihe  Geologiedl  Society,  xii.  p.  454, 

"  The  country  oTer  which  we  passed  [between  Dalhousie  and  Bathurst]  con- 
sisted of  the  highly-inclined  upper  Silurian  beds,  with  occasional  limestones 
occurring  among  them,  «  «  «  .  Over  these  rocks,  in  many  places  were 
spread,  in  patches  more  or  less  extensive,  horiaontal  old  red«sandstone  beds**' 

JoHNSTOiTy  Notea  on  North  America,  lu  p.  2. 
%  Ante,  p.  494. 

i  **  Near  the  Long  Meadow  a  very  much  contorted  greenish  slate-rock,  which 
rests  on  the  granite  is  overpaid  by  a  coarse  quartzose  conglomerate,  with  appa- 
rently a  ferruginous  basis." 

HmwooD,  Proeeedinge  of  the  Qeohgieal  Society ^  in.  p.  454. 

"  Two  miles  below  the  Second  Landing  [nearly  horisontal  strata  belonging  to 
the  Bonavenifve  formation]  cover  up  rocks  belonging  to  the  Quebec  Group;  and 
on  the  north  side  of  the  river  they  form  cliffs  20  feet  high,  consisting  of  brick- 
red  shales  and  sandstones,  resting  upon  a  coarse  conglomerate." 

HiXD,  Preliminary  Report  on  the  Geology  of  New  Brunewick,  pp.  67^—9. 
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are  succeeded  by  layers  of  siliceous  sandstone  deeply 
tinged  with  iron. 

(c.)  From  the  Red  Brook  upward  a  similar  con- 
glomerate rests  almost  horizontally  on  the  granite.* 

Notwithstanding  a  dyke  of  porphyry  and  veins  of 
granite  traverse  the  granitic  mass  within  a  short  dis- 
tance,t  sind  similar  veins  penetrate  the  slate  at  the 
Tattagouche,J  neither  one  nor  other  enters  either  the 
conglomerate,  sandstone,  or  shale. 

((/.)  A  few  fathoms  above  the  high-road  from 
Bathurst  to  Miramichi  the  left  bank  of  the  Nepisiguit 
presents  the  following  section  § ; — 


•  (•  From  within  a  mile  of  Bathurit  to  tho  Pabineau  falli  the  granite  is  sur- 
mounted by  conglomerates  and  sandstones  of  the  coal-measures ;  the  beds  of 
which  are  almost  exactly  parallel  to  the  surface  of  the  rock  beneath." 

Hbmwood,  Proeeedinga  of  the  Geological  Society,  m.  p.  ^^ 
<*  The  Bough  Waters,  more  than  two  miles  long,  flow  over  granite,  but  on 
either  side  the  Bonaventure  [conglomerate  and  sandstone]  formation  may  be 
recognized  reposing  horisontally  upon  it,  and  filling  all  depressions." 

Hind,  Preliminary  Report  on  the  Qeology  of  New  Brungwiek^  p.  69* 

Messrs.  Hind  and  Bailey  describe  various  parts,  and  tributaries,  of  the  Ne- 
pisiguit by  names  different  ftom  those  by  which  they  were  known,  to  the  inhabi- 
tants of  Bathurst,  and  to  the  Indian-boatmen  who  accompanied  the  writer  on 
that  river,  in  1840. 

tulfi<0,  p.  491. 

X  Ante,  p.  494. 

{  '<  This  formation  was  seen  at  Bathurst,  by  Sir  William  Edmond  Logan,  and 

described  by  him  in  the  Geology  of  Canada,  ♦  ♦  ♦     The  following  section  of 

the  strata  occurs  at  and  near  the  abandoned  mine,  on  the  Nepisiguit  ;— 

feet 

1*  Chocolate-red  micaceo-arenaceous  shale,  with  casts  of  shrinkage  cracks  •  ^* 
2*  White  quartzose  conglomerate,  the  thickest  part  of  which  is  two  feet, 
diminishing  in  one  direction  to  two  inches,  in  the  space  of  15  yards. 
The  bottom  is  very  white,  and  contains  quartz  pebbles,  some  which  are 
an  inch  in  diameter   1* 

3.  Whitish-red  argillo-arenaceous  shale,  forming  a  passage  to  the  next  bed 
below  0.6 


• 


Carried  forward 31  '5 


I 
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North — north-east.  South — south-west. 

feet.     S  feet. 

1.  Drift,  containing  pebhies  of  Si.  Drift,  containing  pebbles  of 

granite,  slate,  &  quarts  ..        2    |  granite,  slate,  &  quartz  ..        2 

2.  JEleddish-brown  siliceo-mica-  ^       2.  Reddish-brown  siliceo-mica- 

ceotts  sandstone 30    ^  ceous  sandstone 30 

o 

3.  QUABTZOSE  CONOLOXBRATB.       1    ^       3.  Bius  argilloeeotu  shale,  con- 

I  taining    lignite    and    the 

Bs  remains  of  plants,  impreg- 

^  nated  in  some  places  with 

pj  copper^ores.  • 0 — 3 

4.  Blue  arffiUaeeouM  shale,  con-  %       4.  Quabtzosb  oonolohbbatb.        1 

taining    lignite    and    the  ^  . 

remains  of  plants,  impreg-  S  ^ 

nated  in  some  places  with  8  ^ 

copper-ores 0 — 3  ."S 

5.  Siliceous  sandstone  . .   thickness   -§06.  Siliceous  sandstone  • .  thickness 

unseen.    !J  unseen. 

(e.)  About  two  furlongs  further  up  the  river,  the 
materials — in  a  lower  part  of  the  bank — are  somewhat 
differently  disposed ; — 

feet. 

1.  Drift,  containing  pebbles  of  granite,  slate,  and  quarts 2* 

2.  Coarse  quartsose  conglomerate •  • 1*6 

8.  Beddish-brown  siliceo-micaceous  sandstone     ■••         1*6 

4.  Qnartzose  conglomerate,  interlaid  by  a  few  thin  beds  of  sandstone  ••  8 — 6* 

6.  Brownish-red  sandstone,  interlaid  by  thin  beds  of  greenish  hue  ....         1*5 

6.  Blue  argillaceous  shale,  containing  lignite  and  the  remains  of  plants; 

slightly  penetrated  in  some  places  with  copper- ores.  •• 1^4* 

7.  Quartzose  conglomerate   ••.. thickness  unseen. 

feet. 

Brought  forward •  31*6 

4.  Whitish-red  argillo-arenaceous  shale  in  parallel  layers ;  this  bed  thins 

out  about  30  yards  up  the  stream.  It  is  charged  with  the  remains  of 
broken  plants,  some  of  which  are  replaced  by  the  vitreous  sulphuret 
of  copper,  coated  with  a  thin  covering  of  green  carbonate.  Some  are 
in  part  replaced  by  the  copper  ore,  and  partly  converted  into  coal. 
Small  nodules  of  the  sulphuret  of  copper  also  occur,  chiefly  in  the 
lower  part,  and  traces  of  nickel  are  said  to  have  been  found  in  them. 
The  greatest  thickness  of  the  bed  is  four  feet ;  its  average     2' 

5.  White  quartsose  conglomerate,  similar  to  that  of  the  summit.    This 

does  not  thin  out  in  the  distance  examined,  about  50  yards    4* 

6.  Bed  Sandstone  conglomerate  with  white  quartz  pebbles;  of  which  some 

would  weigh  three  ounces  [each]     • •••••• 6* 

7.  Red  Shale 6* 

8.  Bed  Sandstone  conglomerate,  with  quartz  pebbles,  some  weighing  a 

pound  and  a  half  [each]  10* 

69-6 
HiMD,  Preliminary  Report  on  the  Geology  of  New  Bruntwick,  pp.  67, — 9. 
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In  those  portions  of  the  shale,  which  are  nnmbered 
3  on  the  S. — S.W.  side  of  the  joint  and  4  on  the  N. — 
N.E.  side  of  it  in  the  first  section,  two  (levels)  drifts — 
one  about  twenty,  the  other  nearly  thirty,  fathoms 
long — have  been  opened ;  in  the  part  marked  6  in  the 
second  section  another — though  a  much  smaller — 
opening  has  been  made ;  and,  at  some  distance  from 
all  three,  a  shaft  was  sunk  to  the  same  horizon. 

The  shale  presents  many  flight  undulations ;  but, 
on  the  whole,  it  dips  6"" — 10''  towards  the  E.  Its  thick- 
ness seldom  exceeds  four  feet,  and  is  generally  between 
two  and  three ;  but  in  at  least  one  instance  it  gradually 
dwindles  and  at  length  dies  out ;  a  second  thin  bed, 
of  nearly  similar  character,  however,  appears  a  few 
feet  above  the  last  traces  of  the  first  The  rock,  when 
newly  broken,  is  often  thick-lamellar;  but  a  slight 
exposure  developes  its  fissile  character ;  and,  under  the 
influences  of  heat  and  moisture,  it  is  rapidly  degraded. 

The  principal  bed  of  shale  is  rich  in  the  remains  of 
plants;  but  they  are  often  broken  and  decomposed. 
Amongst  them,  however,  the  following  have  been  iden- 
tified by  William  Lonsdale,  Esq.,  F.G.S.,  Sir  Charles 
Lyell,  Bart.,  D.C.L.,  F.R.S.,  and  Robert  Etheridge, 
Esq.,  F.R.S.E.,  F.G.S. :  viz. — Pinnularia  capillacea^ 
Pecopteris  Cistii^*  P.  ovata,*  P.  pteroideSf^t  P* 
muT%cata^*'\  P.  Sillimani  (?),t  Neuropteris  Loshih* 
Sphenopteris  elegans*  S.acutifolia^*  S.  JSoninghausif 

•  Named  by  Robert  Etheridge,  Esq.,  F.B.S.E.,  F.O.S.,  FalAontologist  to  the 

Geological  Surrey  of  Great  Britain. 

*  „         Sir  Charles  Lyell,  Bt,  D.C.L.,  F.B.8.,  Traveb  in  North  Amifica^ 

First  Seriesi  ii.  pp.  198,  201^—2. 
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Calamites  Suckovii*  C  dubius^  J  Lepidodendron,'* 
Is.  undulatunij'f^  Asterophyllites  longifolia^*  A.  equi- 
setiformis*  A.  cuneata,*^A.  tuberculata.*  Other 
genera  and  species  have  since  been  found,  in  the  same 
neighbourhood,  by  Sir  William  Edmond  Logan,  LL.D., 
F.R.S.^ 

(/i)  At  Parrot*8-brook,  near  the  Capes,  an  erect  fossil 
tree,||  of  about  fourteen  inches  in  diameter  and  some 
twenty-two  feet  in  length,  was  (1840)  exposed  in  the 
face  of  the  cliff.  It  was  rooted  in  a  thick  bed  of  argil- 
laceous shale,  which  rested  on  a  thin  seam  of  coal ;  but 
at  different  heights  its  trunk  was  enveloped  in  alternate 

•  Named  by  Robert  Btheridge,  Esq.,  F.R.S.E.,  F.O.S.,  Palsontologist  to  the 
Geological  Survey  of  Great  Britain. 

t        „  Sir  Charles  Lyell,  Bt.,  D.C.L.,  F.B.S.,  TraveU  in  North  America 

First  Series,  xi.  pp.  198,  201,-2. 

{        „  William  Lonsdale,  Esq.,  F.O.S.,  late  Assistant  Secretary  and 

Carator  of  the  Geological  Society, 

§  The  undermentioned  plants  hsTe  been  discoTered,  near  the  Bay  de  Chaleur, 
by  Sir  William  Bdmond  Logan,  LL.D.,  F,R.S.,  F.O.8.,  Director  of  the  Geolo- 
gical Surrey  of  Canada :  Tis. — Cakunitea  Ciatii,  Aiterophyttitei  pxmdta,  AnnU' 
iaria  galoidu^  SphenqphjfBum  eaxifrtMgifoiiwn,  S,  mnarginaiumf  Nmggtrathia 
dispar,  Neuropteria  rarinervii,  N^Lathii,  OdonttpUria  Sehlotheimii,  Sphencpteria 
Canadenaia,  8,  obtvaHoba  (?),  AJethoptaria  nervoaa.  A,  SeriU,  A.  grandia,  BewMr- 
tia  Oapperti,  Lapidodendron  verticUkdumt  CordaUea  horaat^alia. 

Dawson,  Qmnrteriff  Joitmal  of  tha  Oaohgieal  Soeitiyt  xxii.  pp.  151—164. 

I  Jackson  k  Alger,  Minardhgy  &c.  ofNofoa  Scotia^  (1832)  pp.  69, 70.  Gesner, 
Qeohgy  &c.  of  Nova  Scotia  (1836),  p«  168.  Lindley,  Penny  Cyekprndia,  Tii.  p. 
294.  Binney,  Reportaofihe  Britiah  Aaaodation  for  1842,  Part  ii.  p.  60.  Lyell, 
Ihneia  in  North  America,  First  Series,  n.  p.  196;  Proceedinga  of  the  Oeoloyical 
fibeM^y,  XT.  p.  176.  Dawesy/Mi,  p.  292.  Bbknej,  Lond,,  Kdin.,  ^  DubUn  Pha, 
Moff.t  xxxT.  p.  167.  Binney  ft  Harkness,  Ihid,  xxtxx,  p.  241.  Dawson,  Quorteriy 
Joumai  of  the  Geological  Society,  ix.  p.  136.  Lyell,  Ibid,  p.  171.  Binney,  Ihid, 
p.  890.  Brown,  Ibid,  p.  893.  Lyell,  Ibid,  m.  p.  262.  Brown,  Ibid,  XT*  p.  46 ;  T, 
p.  864.  Binney,  Ibid,  tx.  p.  20.  Brown,  Ibid,  p.  128.  Dawson,  Ibid,  Tii.  p.  124. 
Jackson,  R^iort  on  the  Albert  Coal  Mine,  p.  8.  Dawson,  Quarterfy  Joumai  of 
the  Qeologieal  Society,  x.  p.  1.  Logan,  Ibid,  p.  39.  Dawson,  Aeadian  Qeohgy, 
pp.  129,— 59,— 61— 85.  Phillips,  Quarterly  Joumai  of  the  Geological  Society, 
xxT.  pp.  90,-8.  Dawson,  Ibid,  xy.  pp.  67,  635 ;  XTi.  p.  269 ;  XTii.  p.  522  ; 
XTXii.  p.  5  ;  XXII.  pp.  104, 108— 26,— 28,— 32,— 34,— 50— 1,-9. 
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layers  of  carbonaceous  shale  rich  iu  the  remains  of 
plants,  and  of  almost  barren  ferruginous  sandstone; 
fragments  of  both  which  strewed  the  beach.  One 
well-marked  system  of  persistent  joints  bears  about 
25**  E.  of  N.— W.  of  S. ;  but  innumerable  others,  in 
different  directions,  though  of  shorter  range,  give  some 
of  the  surfaces  a  tessellated  aspect.* 

Lignite  is  largely  mixed  with  the  other  remains  of 
plants  in  the  shale  wrought — as  already  mentioned — 
at  the  Victoria  mine  near  Bathurst;  but  pieces  of 
more  than  a  few  inches  in  length  are  rarcf     Whether 

•  Jukes,  Quarterly  Journal  of  the  Oeohyioal  Society^  ixx.  p.  248. 

t "  Wherever  traces  of  woody  fibre  occur,  In  the  soft  bluish  shale,  copper- 
appears  to  have  been  deposited.  The  largest  quantity  of  ore  occurs,  however, 
in  small  concretions,  the  inner  parts  of  which  are  usually  composed  of  vitreous 
copper  and  the  outer  of  copper-pyrites,  or  the  reverse ;  whilst  a  few  nodules 
consist  of  vitreous  copper,  and  still  fewer  entirely  of  pyrites.  Thin  eeales  of 
the  green  and  blue  carbonates  of  copper  invest  the  other  ores.  Although  this 
impregnation  has  been  found  over  a  considerable  tract,  the  ores  obtained  have 
not  repaid  the  expense. 

•«  Some  portions  of  the  shale  give  out,  on  being  broken,  a  most  powerful  odour 
of  garlic."— Hbnwood,  Proeeeditige  of  the  Geological  Society,  iix.  pp.  454 — 6. 

**The  Gloucester  Mining  Company  expended  much  labour  and  money  in 
searching  for  copper  at  the  mouth  of  the  Great  Nepisiguit" 

Gbbnbr,  New  Brtuuwick,  p.  198. 

'*  Grey  sulphuret  of  copper  has  been  found  in  small  quantities  ♦  ♦  4^  on  the 
left  bank  of  the  river  Nepisiguit,  near  Bathurst,  and  a  Company  waa  formed 
aome  years  since  to  work  tKe  deposit ;  but  the  irregular  distribution  of  the 
mineral  rendered  their  operations  uncertain,  and  the  mine  has  been  abandoned." 

Pb&lst,  Hand  Book  of  New  Brunttoiek,  p.  37* 

*'The  Bonaventure  strata  contain  fossil  plants,  which  about  a  mile  above 
Bathurst,  on  the  Nepisiguit,  have  been  replaced  in  part  by  sulphuret  of  copper, 
which  again  has  become  converted  into  the  carbonate  at  the  surface,  %  %  % 
The  replacement  of  vegetable  matter  by  the  ores  of  copper  is  by  no  means  un- 
common ;  it  has  been  described  by  Dr.  Dawson  as  occurring  ♦  «  *  in  some 
of  the  lower  beds  on  the  Joggins  coast  in  Nova  Scotia,  and  Sir  William  Logan 
states  that  a  combination  of  coal  and  grey  sulphuret  of  copper  occupies  the  forms 
of  vegetable  remains  in  a  regular  eigh teen-inch  bed  which  seems  to  crop  out  all 
around  a  considerable  mountain  in  the  Spanish  Pyrenees."^HiND,  PreUtninary 
Report  on  the  Geology  of  New  Brunswick,  pp.  67—8  (Abridged). 
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it  has  been  derived  from  a  single,  or  from  more  than 


**  In  light  Uvlah  tlialM,  ■aadstones,  and  both  fine,  ooane,  and  enunbUng 
eonglomeratMy  «  «  •  about  a  quarter  of  a  mile  from  the  Nepiaiguit  bridge, 
eopper  was  found  and  removed  to  the  extent  of  20  or  30  tone.  It  consisted  of 
grej  copper  and  the  green  earbonate  intimately  associated  with  the  mineral 
oalled  lignite^  a  peculiar  Tariety  of  coaL  •  •  «  The  distribution  of  the  ore, 
being  found  irregular,  and  the  whole  deposit  uncertain  in  its  character,  the 
enterprise  was  abandoned.  At  the  time  of  my  visit  Tery  little  of  the  pure  copper- 
bearing  lignite  could  be  found.  The  few  specimens  obtained  were  remoTod  from 
a  fine  bluish  elay,  interstratifled  with  the  sandstones  and  conglomerates.  These 
Utter,  like  the  lignite,  are  charged  with  copper,  and  a  general  greenish  appear- 
anoe,  due  to  the  weathering  of  that  metal,  is  seen  along  the  bank  for  a  consider- 
able distance." 

Bailbt,  Report  on  the  Mines  and  MineraU  of  New  Brunatoiek,  p.  11* 

*'  On  the  banks  of  the  Carriboo  riyer,  two  miles  from  where  it  empties  itself 
Into  the  Qulf  of  St.  Lawrence,  occurs  a  bed  of  copper  ore,  included  between 
the  strata  of  sandstone  passing  into  coarse  conglomerate.  It  \a  associated  with 
Ugnites  of  enormous  sise,  which  generally  lie  over  the  copper  ore.  •  •  •  The 
lignites  are  black,  and  some  of  them  resemble  common  charcoaL  Some  are 
fibrous,  and  exhibit  erident  traces  of  the  organized  structure  of  plants.  «  •  « 
The  lignite  forms  thin  layers  over  masses  of  the  copper  ore,  which  sometimes 
presents  substitutions  or  casts  of  culmiferous  plants.  The  lignite  sometimes 
contains  minute  flattened  crystals  of  red  oxide  of  copper.  Green  and  blue 
carbonates  of  copper  invest  some  of  the  lignites,  fill  interstices  in  the  sandstone, 
and  encrust  the  masses  of  Titreous  copper  ore.  This  valuable  substance  occurs 
in  beds  of  from  two  to  four  inches  tluck,  which,  covered  with  lignites,  alternate 
with  each  other,  the  lowest  bed  being  thickest  and  most  compact.  The  most 
compact  variety  is  6'7,  but  the  granular  varieties  seldom  exceed  4*8  or  6'  In 
spedfic  gravity.    This  ore  yielded  by  our  analysis 

Copper  79*6 

Sulphur 18-0 

Iron  2-6 
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Jaoxbok  &  Algbb,  Oeohgy  and  Mineralogy  of  Nova  Scotia^  pp.  73—6. 
(Abridged.) 

"  About  eight  miles  north  of  Pictou,  on  the  banks  of  the  Carriboo  River  there 
is  a  bed  of  copper  ore,  enveloped  and  intermixed  with  lignites.  Large  trees,  in 
some  instances  retaining  the  vegetable  fibre  of  the  wood,  and  impressions  of  the 
leaves,  bark,  and  all  those  figures  so  common  on  the  surface  of  the  living  plant, 
are  sometimes  wholly  transformed  into  lignite,  [whilst]  in  other  cases  the  ancient 
herbage  of  a  productive  climate  [has  become]  half  stone,  half  coal.  «  •  •  In 
breaking  open  masses  of  these  once  majestic  trees,  now  transformed  into  jet  and 
bituminous  lignite,  the  green  carbonate  of  copper  often  appears,  forming  an 
efflorescence  in  their  crevices,  The  blue  carbonate,  and  the  red  oxide  of  copper, 
also  appear  occasionally,  both  in  the  lignite  and  the  sandstone.   The  copper  ore 

A  A  A  A 
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one,  kind  of  wood  has  not  been  ascertained.     In  manj 


b  deposited  in  narrow  Toint,  from  one  to  four  inehet  in  tUeiaLesst  «nd  alter- 
nating with  the  lignite  and  sandatono.  «  ♦  «    Compaet  aaaaaea  [aro]  of  the 
•peciflc  gravity  of  5'5."-^MirBB,  JRemorii  on  «Ae  6«olo^  ami  MintnOo^ff  of 
Nova  Seoiia,  pp.  189—40.  (Abridged.) 

Near  "  Seaman'a  Brook  in  Mill  Goto  «  •  •  we  tee  in  tho  low  eUff  and  in 
the  ihore  reefs  beds  of  reddish  and  greyish  sandstone,  alternating  with  reddish 
•hales.  *  •  •  In  a  few  places  we  find  amongst  these  beds  layers  of  gypsnm 
and  of  sandy  limestone,  tn  seTsral  of  the  grey  beds  there  are  fragmente  of 
tmnks  and  branches  of  trees,  conTcrted  into  eoal ;  [and]  asaoolated  with  these 
remains,  we  find  in  four  of  the  beds  small  qoantities  of  the  grey  solphuret  and 
green  carbonate  of  copper." — Dawboh,  Aoadkm  Otohgy,  p.  124. 

"The  principal  fossils  fonnd  near  Piotoa  are  CakmUt^tt  LepUodendrm, 
Bndojfemtet,  coniferous  wood,  ferns,  Artitia,  and  carbonised  fragmente  of  wood 
Impregnated  with  iron  pyrites  and  with  snlphuret  and  carbonate  of  copper." 

Ihid,  p.  852. 

'*  In  the  coast-section  westward  of  the  entrance  to  Picton  harbonr  «  #  * 
much  red  sandstone  appears ;  and  a  bed  of  limestone  from  two  to  three  feet 
thicki  and  a  small  bed  of  coal  hare  been  discoTored.  Some  grey  sandstones 
also  appear :  in  one  of  which  there  are  nnmerous  fragmente  of  carbonised  wood, 
containing  snlphnret  and  carbonate  of  copper/' — Ibid^  p.  253. 

"  In  all  these  places  the  principal  ore  is  the  grey  snlphnret  of  the  metal,  with 
films  and  coatings  of  the  green  carbonate.  •  •  «  The  only  reason  which 
prerente  them  from  being  worked,  is  the  conTietion  that  the  deposite  are  loo 
limited  to  be  of  economical  importance."— Aul,  p.  267. 

"  At  the  ZaTods  of  Tngofski  and  MotOTilika  «  •  «  onpriferons  grite,  sand- 
stones, and  shale  haTO  been  largely  ezcayated  in  soTeral  places.  These  beds, 
which  are  pierced  by  shafts  from  86  to  130  feet  deep,  consist  of  thick  flaglike 
grite  of  grey  and  dingy  colour,  rarely  ferruginous,  sometimes  of  greenish  hue, 
and  occasionally  slightly  calcareous,  with  courses  of  red  and  grey  ribboned  marl 
and  shale.  The  ores  of  copper,  chiefly  the  green  carbonate,  are  ^aaeminated  at 
interrals  through  all  the  beds,  but  in  this  district  the  grite  are  the  moat  cuprifer- 
ous. On  the  whole,  the  lower  beds  are  more  grey  and  dark  coloured,  and  the 
upper  strate  redder.  PUnte  of  at  least  twenty  epeciee  diyersify  the  series  in 
this  legality,  and  in  some  of  the  lower  they  are  so  numerous  as  to  haTC  ^^^ 
rise  to  thin  seams  of  coal,  occasionally  from  two  to  three  feet  thick.  Concretions, 
often  cupriferous,  six  to  eight  inches  long,  occur  here  and  there,  and  they  hare 
been  generally  formed  around  carbonised  stems  of  planto.  Both  here,  and  in 
other  places,  the  copper  ores  are  Tcry  frequently  found  to  be  arranged  in  the 
interstices,  and  around  the  fossilised  stems  and  branches  of  plante ;  ezhibitiog 
passages  from  the  common  oxide  of  copper  to  the  grey  snlphnret  or  eopp^ 
pyrites,  and  occasionally  to  the  finer  yarieties  of  bright  green  aeieular  malachite; 
mixed  with  crystals  of  the  blue  ore.  All  these  beds  are  nearly  horisontsL  The 
cupriferous  beds  contain  2}  per  cent,  of  ore  only,  but  from  the  wide  dissemination 
of  the  ore  through  rast  masses,  ite  extraction  is  proflteble.  «  •  •  In  the  dis- 
tricte  near  Perm,  108  cubic  feet  of  wood  are  consumed  to  extract  Kpoud,  or  about 
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specimens  all  trace  of  organic  character  has  been  ob* 
literated ;  but,  wherever  it  remains,  the  fibrous  struc- 
ture strictly  conforms  to  the  nearly  horizontal  bedding 
of  the  contiguous  shale.  Such  masses  are  not  un- 
frequently  penetrated  by  irregular  veins  of  vitreous 
copper ;  but  they  seldom  exceed  two  inches  in  length, 
or  one*e]ghth  of  an  inch  in  width,  and  are  generally 
much  less.  The  minute  branches^  which,  at  intervals, 
diverge  from  their  sides,  are  often  crooked  and  un- 
symmetrical  in  the  massive  lignite :  but — though  often 
of  different  lengths  and  thicknesses, — they  strictly 
interlie  the  fibres,  wherever  the  original  structure  pre- 
vails; and  thus  sections  of  chosen  specimens  often 
display  segments — and  at  times  entire  rings — alter- 
nately of  vitreous  copper  and  of  ligpiite. 

The  richest  portions  of  the  formation,  however, 
consist  of  rough  globular  and  reniform  concretions, 
sometimes  as  small  as  pease,  frequently  as  large  as 
pigeons'  ^gs,  though  generally  about  the  bigness  of 
marbles:  of  these — one,  here  and  there,  is  wholly 
of  copper-pyrites,  —  a  few  are  entirely  of  vitreous 
copper,  —  and  many  present  a  nucleus  of  copper- 
pyrites  enveloped  in  vitreous  ore;    but  for  the  most 


£36*1]  Ibt.  BnglUh  of  copper  ore ;  and  the  cutting  and  conyerting  the  wood  into 
charcoal  cost  2J  roubles  (about  2«.  l|<f.  Stg.).  Thtpottd  of  copper  sells  at  from 
32  to  84  roubles  (from  £1. 7#.  Id,  to  £1.  8«.  9ld.)f  and  costs  the  OoTemment  23 
(18«.  9<f.)y  whilst  individuals  whose  establishments  are  not  so  expensiTC,  produce 
it  at  18  roubles  (16«,  Zd,),  iThe  Imperial  Zavods  near  Feim  afford  IdfiOOpouds 
(257'9  tons  Aooir,)  per  annum,  and  as  the  net  gain  per  paud  is  10  roubles  60 
copecks  (nearly  nine  shillings),  the  GoTemment  profit  is  [169,600]  roubles,  or 
about  {£7,180]  sterling  per  annum,  alter  defraying  all  costs,  pay  of  officers  in- 
cluded."— HuBCKXBOM,  DB  Ybkitsuil,  &  TON  Khtsibling,  Ruiita  in  Europe 
and  tk$  Una  Mouniaim,  x.  pp.  144,  477. 
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part  they  consist  of  vitreous  copper  within  and  pyrites 
without.  Both  they  and  the  cupriferous  lignite  are 
thinly  encrusted  with  fibrous  malachite,  and  slightly 
speckled  with  the  blue  carbonate  of  copper;  both 
occur  at  irregular  intervals,  and  both  are  most  numer- 
ous where  the  shale  inclines  most  towards  the  south. 

From  this  part  of  the  series,  however,  neither  vein 
nor  isolated  granule  of  copper*ore  has  yet  been  ob- 
tained. 

At  the  Capes  kidney-shaped  nodules  of  red  iron-ore 
•—made  up  of  concentric  layers  alternately  earthy 
and  of  diverging  fibrous  structure — abound  in  upper 
shales. 

From  1838  to  1841  costly  proceedings  were  carried 
on,  by  an  English  Company,  in  several  parts  of  the 
district ;  but  the  returns  were  small,  and  any  prospect 
of  success,  which  might  have  lent  countenance  to  the 
earlier  operations,  had  vanished  before  the  works  were 
abandoned. 


nr 
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Note  on  the  copper-bearing  Granite  of  Saint 
Thomas  in  the  Vale — Jamaica. 

The  rocks  which  extend  in  a  south-easterly  and 
north-westerly  direction  from  Saint  David  to  Saint 
Mary,  *  consist  mostly  of  felspar  and  hornblende ; 
in  divers  places,  however,  they  are  unequally  mixed, 
not  only  with  one  another  but  with  many  other  in- 
gredients; moreover  their  structure  is  as  varied  as 
their  composition* 

(a.)  Near  the  eastern  boundary  of  Saint  Thomas 
in  the  Vale — within  this  district — the  Sue  river,  a 
tributary  of  the  Agua  Alta,  rises  in  a  low  round- 
topped  hill  of  hornblendic  granite;  containing  por- 
phyritic  crystals  of  pale-pink  felspar  and  small  ill- 
defined  masses  of  dark-green  hornblende,  imbedded  in 
a  basis  of  whitish,  granular  felspar  and  quartz,  thinly 
flecked  with  pearl-white  mica,  f  Of  this  rock  a  portion 
some  four  or  five  fiithoms  wide — ^identical  with  the 
granite  on  either  side  in  composition,  and,  like  it, 
divided  into  slices  by  joints  bearing  3"* — &"  S.  of  E. — 
N.  of  W4 — contains  many  egg-shaped  and  globular 
concretions  of  ore ;  of  which  some  consist  almost  en- 
tirely of  copper-pyrites, — others  contain  earthy  black 

•  De  la  Beohe,  Geol,  JVant.,  h^.,  xi«  PL  XVIIL 

t "  The  Agiia  Alt*  presents  a  good  section  of  [the]  rocks  between  Stony 
Hill  and  Scot's  Hall  (Maroon  Town) ;  «  •  •  the  whole  of  which  may  be  con- 
sidered as  one  great  mass  with  sometimes  one  ingredient  predominating  and 
sometimes  another ;  •  «  *  porphyries,  greenstones,  and  syenites  seem  to  pass 
into  each  other."-^iittf,  p.  165. 

I  •*  In  1847  the  Magnetic  declination  at  Jamaica  was  8^  50'  East. 

Babitxtt,  Phil.  2Vwi#.y  ozzxix.  (1849)  p.  216.    Sabxmbi  Ibid,  Pi.  XIV. 
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copper  also, — in  a  few  earthy  brown  iron-ore  abound?, 
— and  occasionally  iron-glance  prevails ;  moreover  the 
green  carbonate  of  copper  invests  most  of  them,  and 
faces  many  of  the  joints.  They  range  from  the  size 
of  pease  to  that  of  walnuts,  and,  whilst  mostly  scat- 
tered in  irregular  groups,  one  here  and  there  occurs 
singly.  The  nearest  concretions  are  now  and  then 
connected  by  almost  microscopic  threads  of  pyrites ;  * 
but,  excepting  these,  neither  vein,  bed^  joint,  crevice, 
nor  leader  of  any  kind  occurs  in  the  neighbourhood. 
The  proportion  of  ore  was  nowhere  sufficient  to  repay 
the  cost  of  extraction. 

(6.)  Broad  bands  of  similar  hornblendic  granite 
extend  from  the  metalliferous  body  to  considerable 
distances  in  the  adjoining  fine-grained  greenstone; 
where  particles  and  grains  of  copper-pyrites  and  scales 
of  malachite  niay  also  be  traced  on  corresponding — 
nearly  E.  &  W. — lines  of  symmetrical  structure. 

Joints  of  a  second  series  range  about  N.  &  S. ;  but 
they  are  slightly  developed  in  the  metalliferous  granite. 


«'*At  Wh9oi  V^an  «  •  «  ui  enonnont  graaitio  lode  bMring  20^—30^ 
8.  of  W.,  and  dipping  85^—50^  N.,  is  from  6  to  10  fathoms  wide,  and  in  some 
places  eren  more.  In  composition  it  differs  little  from  tlie  neighbonring  ecumtfft 
except  that,  perhaps,  it  maj  contain  less  miea:  both  are  of  porphyritic  structure 
with  buff  and  flesh-coloured  crystals  of  felspar.  The  whole  substance  of  the 
tod$  is  thinly  interspersed  with  tin-ore,  copper-pyritee,  and  also  with  spots  of 
iron-pyrites,  and  here  and  there  a  little  vitreous  copper.  These  metalliibrous 
minerals  are,  howcTer,  chiefly  disposed  in  small  Teins  and  strings,  whioh  most 
commonly  coincide  with  the  lode  and  the  joints  of  the  rock  both  in  bearing  and 
dip.  The  crerices,  which  occur  at  interyals,  are  often  lined  with  crystals  of  tin- 
ore."— Hbitwood,  ComwaU  Geol  Trans,,  T.  p.  73.  (Abridged). 
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On  the  Coppbr-bearing  Sandstone  of  Huidobro 

IN  Spain. 

The  mines  of  Huidobro,  some  thirty  miles  N.N.E. 
of  Burgos  and  about  three  W.  of  Pesadas,  are  opened 
in  wooded  hills,  which  enclose  an  amphitheatre  on  all 
sides,  except  on  the  north  where  the  drainage  escapes 
through  a  rocky  goi^e. 

The  rocks  bear  30*— 36*  S.  of  E.— N.  of  W.*  dip 
25* — 30*  S.W,,  and  maintain — in  their  earthy  ingre- 
dients— a  tolerable  uniformity  throughout  the  district. 

(a.)  The  lowest  visible  member  of  this  series  is 
a  fine-grained,  siliceous,  sandstone;  usually  buff  or 
greyish,  but  occasionally  of  brownish,  hue.  Rough 
spheroidal  concretions  of  the  blue  carbonate  of  copper 
are  scattered  through  it  at  unequal  intervals ;  but  they 
are  too  small  and  too  few  to  stimulate  pursuit. 

(jb.)  The  succeeding  bed  is  a  thin  one  of  mottled 
tenaceous  clay,  here  and  there  slightly  impregnated 
with  granular  quartz,  but  entirely  destitute  of  ore. 

(c.)  A  great  thickness  of  sandstone  overlies  the  clay, 
but  only  a  portion  of  it  is  metalliferous.  Quartz — 
often  tinged,  more  or  less,  with  brown  iron-orej  is 
always  its  chief  ingredient ;  but  nests  of  the  sulphate 
of  bary  tes  occur  in  a  few,  and  lignite — as  well  of  earthy 
as  of  fibrous  structure — abounds  in  many  of  the  lower 
layers.  Narrow,  unconnected,  floors  of  quartzose  con- 
glomerate overlie  all  the  richer  deposits.    Even  within 


•  In  1840  the  Magnetic  declination  near  Bilbao  was  about  22®  West 

Qttbtblbt,  Phil.  Tnmt,f  ozxxix.  ^1949)  p.  208.    Sabinb,  IM,  PL  XIV* 
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short  distances  the  metalliferous  portions  vary  much  in 
thickness ;  for  in  the  Borriga  *  mine  they  range  from 
fifteen  to  nearly  forty,  and  average  about  twenty-five, 
feet ;  but  at  the  iSan  Juan,*  directly  east,  they  scarcely 
exceed  ten;  and  in  the  JExpectaliva^^  immediately 
west,  they  are  even  thinner.  In  this  part  of  the  series 
horizontal  partings  or  joints  prevail. 

Small  isolated  bodies  of  iron  and  copper  pyrites 
have  been  discovered  at  Expectativa^  little  pockets  of 
earthy  black  copper-ore  at  Borriga^  and  thin  lines 
of  vitreous  copper  at  San  Juan;  whilst  the  blae 
carbonate  of  copper  abounds  throughout  the  district, 
and  malachite  is  yet  more  plentifuLf  At  Borriga^ 
however,  the  richest  of  the  carbonates  have  been  ob- 
tained near  several  shallow  horizontal  joints,  between, 
and,  for  short  distances,  on  either  side  of  which  the 
sandstone  is  more  ferruginous  than  elsewhere. 

In  the  hill-side,  about  forty  fathoms  below  San  Juan^ 
an  ancient  drift  extends  near  seventy  fothoms  towards 
the  south ;  but — notwithstanding  copper  is  precipitable 

*  Some  fifteen  years  ago  a  Spanish  mine-owner  brought  with  him  to  this 
country  about  a  ton  of  rich  copper-ore;  representing  it  as  the  prodooe  of— 
San  Juan  and  ExpteUAwn^rs&M  which  he  was  tnxions  to  sell.  So  large  and 
rich  a  sample,  naturally  attracted  attention ;  and  a  Suryeyor,  of  some  experi- 
ence, was  forthwith  dispatched  to  examine  the  properties.  He  saw,  at  once, 
that  the  specimens,  shewn  him  before  his  departure,  differed  materially  f^^^ 
the  ore  afforded  by  the  mines  offered  f(»  sale,  but  remarked  that  they  doseiy 
resembled  that  of— the  Bonriffa — an  adjoining  mine,  wrought  under  Bngli^l^ 
superintendence.  And  ascertained  that, — of  the  carbonates  of  copper  exhibited 
in  liondon,— the  Spaniard  had  culled  some  Sto  hundred-weight  from  the  yi^^ 
of  his  own  mines,  and  had  bought  the  other  fifteen  hundred  of  his  neighbours. 

t "  Copper-ore  has  been  found,  and  works  have  been  opened  in  the  New  Bed 
Sandstone  near  Pradoe.  •  •  #  Specimens  of  the  rock,  indicate  the  dissemi- 
nation of  the  green  carbonates,  in  minute  quantities  through  the  mass  of  ssnd- 
stone."— Mu&OHiSoxr,  Sihirian  SyHem,  pp.  89,  297. 
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from  the  water  accumulated  in  it — all  traces  of  ore 
cease  at  some  distance  from  the  end. 

As  the  metalliferous  mass  was  so  thick  and  so  slightly 


At  EmrdiiUm^  near  Wett  Felton  In  Shropshire,  portionB  of  extendTe  aadent 
mine-works  in  the  New  Bed  Sandstone,  hare  been,  of  late  years,  wrought  for 
nearly  eighty  fathoms  in  length  and  sixteen  in  depth. 

The  rocks  consist,  in  great  measore  of  grannlar  quarts,  and— when  it  is  un- 
mixed—they are  generally  white ;  for  the  most  part,  howeyer,  ferruginous  clay 
is  also  a  constitnenty  and  tiien  yellow,  brick-red,  and  brownish  hues  prcTaiL 
Minute  proportions  of  calcareous  matter  occur  at  interTals, 

The  metalUferous  bed  bears  12<*— 18"  E.  of  N.— W.  of  S.,«  dips  80*— 40"  W., 
and— ttveraging  some  four  feet— ranges  from  a  few  inches  to  about  five  feet,  fin 
width*  Although  bounded  in  many  places  by  (tmooih  foaUtJ  joints,  it  Just  as 
often  shades  gradually  into  the  adjoining  rook ;  generally  affecting,  howoTer, 
three  subordinate  layers,  $lice$,  or  eombi  in  most,  but  four  in  a  few,  parts  of  its 
course.  It  consists,  in  great  measure,  of  granular  quarts,  but^near  the  surface 
especially— earthy  brown  iron-ore  is  also  a  large  ingredient*  Malachite-— though 
less  abundant^-occurs  in  considerable  quantities,  and  grains  of  a  grey  copper-ore 
appear  at  intervals.  The  following  columns  give  some  idea  of  their  disposition 
in  diffirent  parts  of  the  mine. 


Lsyert. 
Low«r.. 

Middle.. 
Upper . 


(1)  SandtftoM,  heatrlly 
ehsrged  with  maJachit*. 

(9)  Saadftooe,  spotted 
with  malAcUte. 


(8)       Idem. 


Middle  of  the  Mine. 

(I)  geadstooe,  epotled  with 
msUchite. 

(9)  Femigliiout  fsudiimieb 
ihlnlj  iprtnkled  with  mala- 
ehiCe. 

(8)  Sandstone,  densely 
ehaived  with  aulachlte. 


West. 

(1)  Pemginons  sandstoee^ 
sprinkled  with  melechite 
and  grey  copper  ore. 

(S)  Sandstone,  enoloelac 
grains  of  mailachlto. 

(8)  Femicinoas  sandstone. 

(4)  Fermginoos  sandstone, 
la^Eely  mixed  with  mala- 
ehlte  and  spotted  with  grcjr 
eopper-ore. 


Although  small  (vugh»)  cavities  in  the  ferruginous  sandstone  are  often  lined 
with  mamillary  malachite,  the  middle  is  ever  the  poorest  part  of  the  formation. 

A  thin,  highly-inclined,  layer  of  tough  blue  clay  unites  with  the  metalliferous 
bed  at  about  sixteen  fathoms  from  the  surface ;  when  every  trace  of  ore  at  once 
disappears. 

A  narrow  ^roft-vem  of  ferruginous  clay  traTcrses,  but  does  not  (htane)  dis- 
place, the  copper-bearing  band ;  for  some  distance  south  of  the  intersection, 
however,  the  ore  is  less  plentiful  than  elsewhere. 

'*  The  ores  obtained  during  1841—3  yielded  from  0*08  to  0*25  their  weight  of 
metal,  and  realised  altogether  about  £2,600." 

Fbbdb&iok  Bahka.&t,  Esq.  (of  Langley  Lodge,  Herts),  MSS. 

"  The  existence  of  copper  ores  in  rocks  of  the  same  age  is  well  known.  *  *  • 
[They]  occur  in  the  south-eastern  face^of  the  Peckforton  HiUs  •  •  •  in  strings 

a  In  1888  the  Msgnetle  declination  was  about  SS«  80'  West.— Ross,  PAOt  IVaiM.,  oxxxix., 
1849,  p.  908.    Sabuib,  ZMtf,  PU  XIV. 
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inclined)  it  was  more  convenient  to  quarry,  than  to 
mine,  it.  The  rock  was,  therefore,  scarped  for  nearly 
twenty  fathoms  in  height ;  notwithstanding  the  upper, 
and  by  far  the  larger,  part  was  unproductive. 

(d.)  The  surrounding  hills  are  capped  with  greyish- 
white  limestone. 

(e.)  At  Borriga  and  Expectativa  notable  quantities 
of  petroleum  have,  from  time  to  time,  been  obtained.* 


•ad  Teint  tatoeiatod  with  diilocatioiii  more  or  lam  tranorerM  to  tbe  main  dine- 
tion  of  the  red  tanditone,  the  only  OKeeption  #  «  •  being  in  Stanner  HIil, 
where  eertain  poor  mineral  veine  appear  to  range  from  aouthr  weat  to  north-ctft, 
er  parallel  to  the  ridge. 

**  The  rocks  of  Hawkstone  {are]  analogoui  to  those  of  Alderley  Bdge,  in  e<m- 
taining  traces  of  copper  ore  and  fermginons  oxide  of  cobalt^  together  with  eoa- 
cietions  and  Teins  of  sulphate  of  barytes." 

MuBOHisojr,  SSktrim  S^Hmi^  pp.  89,  298. 

**  The  metalliferous  formation,  wrought  in  the  New  Bed  Sandstone  at  AW^rkfl 
Edge,  bears  about  tB.B.  and  N.W.,  and  is  for  the  most  part  nearly  yertieal,  though 
in  the  bottom  of  the  mine  it  slopes  slightly  towards  the  8.W,  «  •  # 

"The  Tein-stone-as  in  all  other  metalliferous  deposits-bears  a  olose  resemblsnee 
to  the  adjoining  rock.  The  ores— chieSy  the  green,  but  now  and  then  the  bine, 
carbonate  of  copper — are  thinly  di£Eused,  and  accompanied  occasionally  by  earthy 
cobalt  ore.  •  •  *  The  proportion  of  copper  obtained  from  the  ore  scarcely 
exceeds  2|  per  cent."— Higqs,  ComwaU  Qeol.  TVcms.,  TZi.  p.  325.  (Abridged.) 

*  James  Mason,  Esq.  (Baron  do  Pomeron,  Knight  Commander  of  the  Order 
of  ChrUt),  MSS. 
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On  the  Mines  of  CHALANCHES  D'ALLEMONT, 

IN  France, 

The  small  well-cultivated  plain  below  Bourg  d'Oisana 
in  the  department  of  the  Is^re  is  traversed  from  S.E. 
to  N.W.  by  the  Romanche ;  and  from  E.  to  W.  by  the 
Olle,  one  of  its  tributaries.  Immediately  N.  of  their 
union,  the  mountains  of  Chalanches — portions  of  the 
Alpine  chain — rise  some  (2,050  mitres)  6,720  feet 
above  the  table-land,  or  (2,750  mhtres)  9,020  feet  above 
the  sea.* 

The  middle  and  upper  parts  of  the  range  consist  of 
granitic  gneiss,  in  which  felspar  and  hornblende  are 
always  large  ingredients ;  sometimes,  however,  quartz 
and  calcareous  spar  abound,  epidote  occurs  at  intervals, 
and  talc,  chlorite,  or  mica  is  not  uncommon.f  The 
rocky  though  now  and  then  fine-grained — is  mostly 


•  Be  Thury,  Jcumdl  de»  Minet,  xx.  p.  42.  Gueymard,  Stir  la  Mifi^raloffi$,  la 
GMogUf  H  la  M^taUurgi§  du  dipartwneni  de  FJiire  p.  217. 

t "  La  montagne  dea  Chalanches  •  4^  •  est  form^  de  gneiss  et  de  horn- 
blende. •  ♦  ♦  Les  bancs  de  ces  rochers  sent  en  g^n^ral  inclines  au  conchant 
sous  un  angle  plus  ou  moins  ouTert,  et  Us  renferment  •  •  •  plusienrs  couches 
de  pierre  k  ehauz  blanche,  qui  dolTcnt  avoir  ^t^  formies  en  m^me  temps  que  le 
gneiss;  ear  ces  deux  substances  se  perdent  et  se  confondent  insensiblement 
Tune  dans  I'autre." — Sokbsxbbr,  Journal  de  Physique,  xxiT.  p.  880. 

De  Bonmon,  Ibid,  pp.  202, 430—5. 

'*  La  montagne  dee  Chalanches  est  primitiTe  et  eompos^e  de  roohes,  dont  les 
unes  sont  &  base  simple,  et  les  autres  k  base  ra^lang^e.  Ces  demi^res  sont  les 
plus  nombreuses ;  ee  sont  elles  qui  constituent  particulidrement  la  masse  de  la 
montagne.  La  migeure  partie  des  fllons  oonnus  se  trouTe  dans  une  roche  quarts- 
euse  micae^Oy  dont  les  couches  inolinent  g^n6ralement  au  Sud-Ouest,  sous  un 
angle  qui  Tsrie  tr^s-fr6quemment.  La  mani^re  d'dtre  des  roches,  les  uns  k 
I'^ard  des  autres,  est  asses  constants  Le  granite  fait  la  base  de  la  montagne ; 
il  est  feuillet^  SouTcnt  il  participe  de  la  nature  du  gneis,  quelquefois  de  celle 
des  roches  amphiboliques,  et  souTont  des  unes  des  autres  en  mSme-tems.    Les 
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coarse  and  of  porphyritic  structure;  but,  at  short 
distances  from  the  hdes,  the  small  crystalline  masses 
of  felspar  and  hornblende, — imbedded  in  the  other 
constituents, — are  generally  of  indeterminate  outline 
and  often  graduate  into  the  surrounding  basis ;  whilst 

gneii  et  lea  roehes  mieae^  tout  auBsi  Tari6ef  par  le  grain  et  la  oontOEtiire  dt 
leur  p&te,  que  par  la  difffirenoe  de  leura  £lteent  oonitituana.  Caa  roehes  alter- 
nent  fr^quemment  avec  lee  roohes  amphiboliqQes ;  soaTent  elles  sont  mtiangto 
ensemble,  et  plus  souTent  encore  leur  asioeiation  se  prtente  aroc  tons  lee  earae- 
tdres  d'un  granite,  dam  lequel  le  mica  aerait  pea  abondant.  Dana  qnelquea 
endroita,  le  gneia  eontient  dea  pyritea  de  far  anlfor^y  at  par  fois  dea  partlaa  eal- 
oairea,  •  «  «  •  La  couleur  du  gnela  yarie  eztraordinairemant :  la  gria,  la 
jaune,  le  Tert,  le  blanc,  le  noir,  etc.,  aont  lea  teintea  lea  plna  commnnes;  mala 
aouTant  11  a  una  oonleor  rouge  on  ronge^tre,  qni  a  fait  donnar  anx  ro^era  qa'H 
conatitttte  le  nom  de  roehea  bmUi,  •  «  *  Vera  le  bant  da  la  montagne*  on 
iroit  dea  rocbea  qnartseuaaa  et  ampbiboliqnea  en  conohea  oontonm6aa,  at  replt^ 
anr  ellea-mdmea ;  qnelqnefoia  lea  plia  et  replia  aont  trte-mnltipli^  dana  laa  m&nea 
maaaea.  La  clme  de  la  montagne  eat  de  roohe  acbiatenae  amphiboUqna  Tein^ 
da  qnarta."— Da  Thttbt,  Journal  dei  Uinm,  xx.  ppi  43 — 6. 

''La  montagne  dea  Chalanohea  eat  form6e  da  gnelaa,  aonyant  amphiboHqne, 
aveo  dea  oouchea  aubordonn6ea  de  dlabaaa.    Lea  gneiaa  aont  Tari6a  k  Tinfini." 
GirBTM ABD,  Sur  Ut  Miniralogie,  la  O^ologie,  ei  la  Kitaiharyi^  dm 
dipartement  de  ri9ir$,  p.  120. 

*'  Le  gneiaa  prend  quelquefoia  nne  teztnre  granitolde  aana  perdre  entiirement 
aa  diapoaition  acbiatenae."-* 

Db  BBAxncoHT,  Annales  dei  Minee,  8me  S^ria,  T.  p.  10- 

"  La  diabaae  dea  Cbalancbaa  eat  form^e,  en  mijenre  partie,  d'amphibola  horn- 
blende, d'un  Tert  tr^  fonc6,  ^datante,  largement  lamellenaa.  Dans  eartaxnea 
partiea  de  la  roohe,  de  grands  criatanz  d'amphibole  aont  enoheTltr^  avec  dea 
criataux  plua  petlu,  de  manidre  k  ne  laiaaer  an  feldapath  qne  tr^  pen  d'espace  k 
remplir.  Dana  d'autrea  dchantallona,  an  contraire,  lea  criataux  d'amphibole 
aont  neta,  preaque  iaol6a  lea  una  dea  autrea,  et  le  feldapath  en  criataux  tr6a  petita 
en  remplit  lea  interaticea ;  quelquefoia  lea  criataux  d'amphibole  lea  mieux  d6- 
▼elopp^a  aont  plac^a  k  pen  pr^  parallMement  lea  una  aux  autres,  et  par  suite  la 
oaasure  de  la  rocha  pr6senta,  comma  ealla  du  granite  graphique,  Taspaot  d'oB* 
moaiUqne  aatas  rdgnU^re.  «  •  « 

**  La  feldapath  est  tonjonrs  en  cristaoz  de  petite  dimension,  d'nn  blane  de  lai^ 
)l  peine  translucide,  aveo  I'^olat  naerft  nn  pen  gras  qui  oaract6rise  TandMite. 
n  est  difioile  de  le  a^parar  aompl^tement  soit  da  ramphibola,  aoat  de  I'epidote 
qui  lui  eat  to^joura  aasod^e  et  intimement  mdlang^e.  «  «  •       * 

*'  Cette  4pidote  eat  Titreuae,  tranaparente,  d'un  jaune  Terd&tre  pftle ;  elle  eat 
en  aiguillea  ddli^a,  group^  conf^^ent  avec  lea  lamea  du  feldapath." 

LoBT,  Bulletin  de  la  Soeiiii  Qhlogique  de  France,  2e  S^e,  yn.  pp.  540*4. 
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elsewhere  they  form  distinct  and  perfect  crystals.* 
The  beds  present  considerable  undulations ;  but,  on  the 
whole,  their  direction  is  about  meridional,  and  they 
dip  towards  the  west. 

Near  AUemont,  on  the  east,  the  gneiss  is  overlaid  by 
hornblendic  slates.f 

The  discovery  of  native-silver,  by  a  goatherd  whilst 
searching  for  a  strayed  kid,  in  1767,  j:  induced  opera- 

•  M  3o^  1,1  gntnite,  and  ehmif  a  weU-det&ed  porphyritic  struoture  ia  a  most 
tmpromiaiiig  eharacter ;  whilst  a  gradual  blending  of  the  included  cryttali  with 
the  hasia  of  the  rock,  it,  in  both  caaet,  coniidered  an  encouraging  appearance." 

HaxirooD,  OormoaU  GeoL  TVofu.,  T.  225. 

t  '*  An  pied  dela  montagne  dee  Chalanchee,  pr^  du  Village  d'Allemont,  on 
trmiTe  aneei  dee  petitei  c6tee  de  eohiite  et  d'ardoise  ealcaire." 

SoHUiBBB,  Joumai  de  Phytiqui,  xxrr,  p«  888. 

De  Bonmon,  JW,  pp.  203, 431. 

**  An  tiers  de  la  hauteur  •  •  «  on  Toit  trois  couches  deeofeoirv  primitif  qui 
altement  ayeo  dee  roches  granitiques,  micac^es  et  amphiboliques.  Gee  couches 
eont  inclines  de  60^  k  I'Ouest;  elles  sent  dirig^es  du  Nord  au  Sud.  A  pen  de 
£stanoe  de  li,  on  trouTe  des  roohes  feld-spathiques  blanches,  oontenant  dee 
grenats,  au-deesous  des  roohes  granitiques  ayec  des  tourmalines,  et  enfin  en 
descendant  ^  AUemonty  la  juste  position  du  ealcaire  secondaire  sur  lea  rochee 
primitiTes."— Db  Thubt,  Jownal  de»  Min&t,  xx.  p.  i$, 

**  La  gorge  occidental  appelte  le  CU>$  dn  ChmUier,  pr6sente  un  sujet  d'^tude 
int^reseanty  rexistenee  d'une  conche  de  houille  sdche,  dite  anthracite,  entre  lea 
oonohee  d'argile  sohisteuse  k  empreintes  T^6tales,  deposde  sur  une  brdche 
granitoidee ;  oelle-ci  recouTre  imm6diatement  les  roches  primitiTes  de  gneis  ou 
nmphibole,  qui  reorient  lea  filons  d'argent."— JMi,  p.  48. 

De  Beaumont,  Butteim  de  la  Soeiitk  Qiologique  de  France,  2e  Bine,  zii.  p.  684. 

**  Vers  le  bas  de  la  montagne,  prds  de  I'Eau-d'Olle,  lee  roches  sent  de  schistee 

talqueux  et  mieac^,  avec  des  grenats  en  tr^grande  quantity.    Ces  terrains 

eont  recoUTcrts  sur  les  flanes  inf6rieurs  par  les  caloaires  ardoises  du  lias,  et  au- 

dessus  des  ezploitatiotts  des  Chalanches  par  un  lambeau  de  gr^s  k  anthracite." 

QvMTUABS},SurkiMin^raiogie,laO^>logie,etlaMiiaUur^deri»^,p.  121. 

**  Les  diorites  schistoides  paraissent  aussi  en  liaison  bien  plus  intime  ayeo  les 
terrains  de  eristalUsation,  et  appartenir  k  la  mtoe  formation  que  les  gneiss  aieo 
leequels  ils  altement."— Lobt,  ByUeiin  de  !a  SoeUU  GMogifU9  de  F^xmee,  2e 
Serie,  Tii.  p.  540.  * 
X  The  diseoTcry  is  stated 

*^  "'iMreSffof \2ellioSi  j  (^w»M»'<««l'*r«<»«^"iv.p.a81),tohaTeb««niiiadalnl707; 

n  M.  Alezaodre  Brongnlart  [TraU$  de  MineraiogU,  xi.  p.  860),  „  176S ; 

Ik  M  M.  GiMgrnard    (X«  MkurmtotU,  ^e,  4e  riurt,  p.  122),  „  1708. 

cccc 
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tionsy  which  in  process  of  time  bate  extended 

item  (642  toitei  •  or  12A1  unties)  4107  to  (1614  mitrct)  4967 1  tbOTo  the  plmm^ 
or    ( 19611    It     )6401„(2214    „      )  7264}        ,.         sea; 

and  necessitated  the  erection  of  dwellings  and  work- 
shops on  the  mountain-side. 

Amongst  the  principal  hdes  wrought  at  ChaUmches^ 
are — 

the  Freiddan^  which  heart  25*  S.  of  E.^N.  of  W.J  and  dips  tewarda  the  S.W.;— 

30*»  W.  of  N.—B.  of  8,,  „  N.B.  ;— 

W*  W.  of  N.»B.  of  S.,  „  N .  w.  ;— 

20'»W.ofN.^B.of8., 


„  C9baU, 

II 

f)   SUH^Ottf 

II 

Pf  Ptince, 

II 

ff   BtfC%H9f 

9* 

II  «P»wti, 

tt 

the  SU,  HiUM, 

n 

t 


tf  ^'f 


20'N.  of  B.—8.  df  W.,  „  N.  ;— 

20<'W.ofN.--B.ofS., 


If  *■•  ► 


26*  E.  of  N.— W.  of  8.,  „  S.B.  ft  N. W. ; 

and 
20"  W.  of  N.—B.  of  8.,  „  W. ;. 

beside  a  much  greater  number  of  smaller  veins. 

In  one  part  of  its  course,  the  Prince  lode  assumes — 
and  thenceforward  maintains — a  bearing  at  about  a 
right-angle  to  its  previous  direction  (Table  XVI.)  % 

(1.)  Of  the  eight  several  directions — all,  more  or 
less,  oblique  to  the  Alpine  chain — 

6  (or  0-760)  range  from  S.  of  E.— N.  of  W.,  whilst 

2  (  „  0-250)  „         N.  of  E.— S.  of  W., 

the  mean  strike  being  about  SS**  S.  of  E.— N.  of  W. 

*  Schreiher,  Journal  d$  Phyai^He,  xxit.  p.  381. 

t  De  Thury,  Journal  d$9  Min$$,  xx.  p.  46. 

t  Quepnard,  La  Mmirdh^u^  la  Giologie,  «<  la  MitaUmrgia  d€  VI$ir%  p.  207. 
Ante,  p.  617,  Note*. 

4  "  M.  Schreiher  a  laiss^i  non-seulement  des  plant  niautiettBement  exacts  de 
aea  trarauz  aouteiraina,  mais  encore  des  notes,  etats  et  mentions  de  la  nature  et 
de  la  quaUti6  des  minerals  qu'ilre ncontrait  dans  see  fouilles."— IjBvbbtbb,  NoHee 
tur  le$  mineraia  et  u»ine$  de$  Ckalanehee  d*AUemont  (1B63),  p.  5, 

II  In  1840  the  magnetic  declination  at  Bourg  d'Oisans  was  ahout  20®. 
Hambteen,  Phil,  Trant.^  cxxxix.  (1849)  p.  208.    Sabine,  /6irf,  PI  XIV, 

H  "  Whether  this  deflection  is  occasioned  hy  the  interference  of  another  Tein, 
the  woiks  in  the  neighbourhood  are  insufficient  to  show." 

Captaik  Thoxas  Blambt,  Manager  of  the  Mines,  MSS. 


Chalanches  d^AUemonty  in  France.  521 

(2.)  The  dip— often  less  than  50^  but  seldom  mor^ 
than  70** — is,  on  the  whole,  much  lower  than  that  of 
productive  lodes  in  general. 
Of  the  eight  series 

4  (or  0-500)  are  towards  the  N.  &  E.  ;— 

2(„  0-250)  „  N.  &W;— 

1  (  „  01 25)  is  towards  the  S.  &  W. ;  and 

1  (  „  01 25)  dips  towards  opposite  points  in  different 

parts  of  its  course. 
(3.)  Although  the  lodes  generally  measure  but  a  few 
inches,  and  average  less  than  a  foot,  they  are,  now  and 
then,  for  short  distances,  as  much  as  two  feet  and  a 
half,  in  width. 

(4.)  The  principal  earthy  ingredients  of  the  lodes^ 
are — as  in  other  districts, — much  the  same  as  those  of 
the  adjoining  rocks ;  but  they  affect  different  propor- 
tions, and  are  mixed  with  other  substances.*     Thus 

*  "  Lea  gltes  de  minerai  do  la  montagnt  dot  Chalanohet  tont  de  nait  filon» 
et  dec  conches  min^rales,  mais  de  pea  d'dtendue.  «  ♦  «  On  n^en  eonnoit  qn» 
deux  ou  trois  qui  aient  eu  40  k  60  toiaei  (42*6  to  53*2  fathoms)  de  longaenr  sur 
30  (about  32  fathoms)  de  profondenr  et  de  largeur;  et  e*est  ce  qui  a  fait  dire  k 
pluaienrs  Min^ralogistesi  que  le  minerai  ne  se  trouToit  auz  Chalanches  que  par 
nids  et  par  rognons ;  ee  qui  pouToit  d'autant  plus  s'acordditer,  que  I'on  troure 
assei  sourent  &  la  surface  de  la  montagne  des  peitites  reines  qui  n*ont  que  quelques 
toises  de  longueur  ot  de  profondeur,  qui  foumissent  la  mine  la  plus  riche  et  d» 
I'argent  natl^  et  qui  tarissent  arant  qu'on  soit  parrenu  k  en  ramasser  quelques 
quintauz. 

"  Vers  rint^rienr  de  la  montagne,  les  illons  et  couches  min6rales  ont  un  peu 
plus  de  suite,  ils  n'y  sont  pas  moins  riches  que  rers  le  jour,  mais  ils  sont  moins 
nombreuz.     •  •  • 

"  Les  filons  et  couches  disparoissent  sous  differentes  cireonstanees ;  ou  leur 
^paisseur  diminue  jusqu'ji  ce  qu'il  n'en  rests  plus  de  trace  dans  le  rooher;^ 
•  •  4^  ou  ils  se  perdent  dans  un  rocher  brisS  et  fracass4. 

"  Les  gttes  de  minerals  ^'argent  «  «  •  se  trouvent  tons  dans  un  district 
qui  k  ehTiron  3O0  toises  (some  320  fathoms)  de  longueur  et  250  toises  (266*2 
fathoms)  de  largeur.    Quoiqu6  ces  gttes  soient  asses  pr^  les  uns  des  autres,  il 
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felspar,  quartz,  and  calcareous-spar  always  abound; 

n*  J  en  a  oependant  qua  pea  qui  ee  joignent  on  se  oroieent ;  Um  tont,  pour  U  pin- 
parti  i^par^i  lei  am  dei  aatret,  et  poor  ainii  dire  ieol^s  dans  le  roeher.  On  n*t 
point  troavA  juequ*!^  prteent  de  filone  noblei  plai  ATMit  dana  la  montagne  que 
100  toitei  en  ligne  horiiontale  depois  le  jour. 

**  Rien  de  si  bisarre  et  de  ai  irr^galier  que  les  filona  et  ootiehM  min^ralee  dee 
Chalaaohea  dana  leur  direction  et  leur  inelinaison.  U  est  tr^nura  qu'on  filon 
conaerre  la  mdme  direction  et  la  m^me  inelinaison  dans  one  ^tendue  de  6  i  8 
toises  (6-ft  to  8*6  fathoms);  ils  se  jettent  tant6t  d*an  c6t^,  UntAt  de  I'Mttre.  Les 
couches  min^rales  j  sent  on  pen  plus  constantes  qne  les  filona,  paree  qu'ellei 
suiyent  les  banes  de  roeher  qui  les  renferment,  an  lien  qne  les  filons  lea  oonpent 
II J  a  antant  de  differences  dans  la  direction  des  filons  des  Chalanehaa,  qn'il  j  a  de 
diTisions  snr  la  bonssole  dn  minenr,  et  lenr  indinaison  Tarie  depnia  6^  joaqn'i 
70^,  Cependant  les  coaches  minftrales  qnl  se  maintiennent  le  mleoz,  aoat  cellet 
qni  ont  levr  direction  dn  sad  an  nord,  et  dont  rindinaison  est  oooidentale ;  et  lef 
filons  qni  se  sontiennent  le  pins  sont  ceux  qui  ont  la  m^me  diraotion,  mats  dont 
rinclinaison  est  orientale. 

**  L'oehra  martiala  constitae  la  mijeore  partie  les  filons  d'AUemonk,  qnl  ont 
depuis  1  jasqa*^  12  peaces  dVpaissaor.  %  %  %  Une  moindre  partie  de  noo  filons 
est  oompos^e  da  spath  calcaire ;  et  «  «  •  dans  innt6riear  das  Chalanehes,  et 
prindpdement  dus  le  Toisinage  des  filons,  le  gneiss  est  entramSM  da  parties 
caloaires ;  propriety  que  le  gneiss  n'a  pas  k  la  snperficie  de  la  montagne. 

**  La  schorl  Tart  [?  epidote]  sort  aossl  qaelqnefois  de  gangna  aoz  filona  riches 
en  mintei  d'argent;  on  trouTa  mdma  de  temps  k  antra  ca  mfttal  natif  dans  le 
aohorL 

«« Bnfin,l'asbasta  at  I'smianta  sont  la  demiira  rarlM  da  noa  gangnaa. 

'*  Las  filons  qni  consistent  an  an  terra  argilausa  grisitrai  sont  eeuz  qnS  en- 
eonragent  la  mains  le  minenr. 

'*  Si  la  direction,  rinclinaison  et  I'^tendna  das  filons  aont  bitarraa,  lenrs  pro- 
duits  na  le  sont  pas  moins.  n  arriTc  asses  souTent,  en  les  poanaiTaaty  qn'ea 
dtonTra  dee  rognons  extrdmement  riches,  et  qn'l  1  pied  pins  loin  il  n' j  a  qne  de 
la  mine  d*ane  m6diocre  yalenr,  T7n  essal  d'nn  filon  nonTcUamant  dAcouTert 
eontensnt  60  &  80  marcs  d'argent  an  qaintal  [0*800  to  0*400  its  weight]  ne  donne 
pas  pins  d*espirance  qne  s'il  n'en  contenoit  qn'nn  seal  mare  [0*006] ;  ear  on  ssit, 
par  rexpMence  jonmali^re,  qne  ces  filons  ne  se  maintiennent  pas  dans  r^tandoe 
d*ana  toise  dans  le  mdme  itat.  «  «  ♦  Les  prodnctions  des  filons  dea  Cbalsn- 
chea  sont  tris*Tari6es.  J'ai  d^ij^  obserr^  qne  J'ai  d^UTcrt  on  indica  d'or  dans 
una  pyrita  oalTravsa.  La  majeora  partie  da  mineral  d'argent  eonsista  an  ana 
tarre  ferroginaasa. 

**  L'argant  se  tronTc,  natif  an  filets  contoam^s,  at  an  lamaa,  dans  diiftrantes 
gangoaa.  La  spath  calcaire  an  est  sooTent  p^n^tri,  et  pins  soaTont  l'argant 
▼iarge  y  est  nich6  dans  les  csTit^  avac  on  mmim  noir  on  mine  d'argent  noire  en 
ponsdire.  Qa^lqaes-ons  dss  ^hantillons  de  spath  calcaire  p^nitr^  d'argeat 
natify  ^toient  accompagn^s  de  cinabre.  «  «  ♦  Une  scale  fois,  j'ai  d^aoarert 
dans  cette  exploitation  de  U  mine  d'argent  com^  cubique,  coaleur  de  foie  dans 
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hornblende  is,  perhaps,  less  plentiful;   but  chlorite, 


iu  muia  de  cobalt  terrtute,  oh  elto  €Unt  aeoomptgnde  de  parcellct  de  minai 
d'argent  ronga  at  entourrie  d'argant  natif. 

'<  Lea  minea  d'argant  Titraosaa,  rovgaa  at  griaea  n' j  abondant  paa.  *  «  * 

«'  La  mina  d'argant  ronga  aat  qaalqvafoia  ranfarm^a  *dana  da  I'aabaata,  at  la 
mina  d'argant  griaa  dana  do  aehorl  Tart.  Catta  darniira  contiant  dapnia  20  joaqa'k 
40  maroa  d'argant  au  quintal  (0*010  to  0.020).  En  gfo^ral  laa  eryatalliaationa 
da  mineral  at  daa  m6tauz  aont  aztrdmamant  raraa  auz  Chalanohaa. 

"  n  na  a'7  tronya  qua  pan  d'^ohantillona  da  mina  da  cniTra  Janna,  at  da  mina 
da  plomb  an  galena ;  la  damiira  donna  un  mare  at  qualquaa  onoaa  d'argant  au 
quintal. 

**  La  mina  d'AUamont  Jonit  d'nna  granda  reputation,  k  eauaa  da  aaa  baaux 
moreaaux  da  mina  da  cobalt  terrauaa,  dont  qualquaa  aapicaa  aont  connuaa  aoua 
le  nom  da  mina  d'argant  marda-d'oia.  La  mina  da  cobalt  na  •*j  pr^aanta  qu' 
aocidantallamant  at  par  6cbantillona :  Jamaia  alia  na  oonatitna  daa  filona  un  pau 
■uiTia;  alia  a'j  troura  ordinairamant  parmi  la  mindrai  farruginauz,  quand  il  aat 
bian  rieha  an  argant.  «  •  «  La  mina  da  cobalt  griaa  araanicala  aat  la  aaula 
da  noa  minaa  qui  aoit  pauTia  an  argant ;  mala  alia  aat  anoora  plua  rara  qua  laa 
nutraa  aapdoaa.  •  •  •  Bur  cent  fumiomx  da  mina  d'argant  qu'on  y  axtrait,  il 
7  a  a  jMMia  vinfft  Uvr9B  (0'002)  da  cobalt  da  I'aap^a  dont  ja  Tiana  da  parlar. 
«  •  • 

'*  On  a  trouTi  aux  Chalanchaa  praaqua  tontaa  laa  aap^oaa  da  minaa  da  cobalt. 
La  plua  ramarquabla  aat  calla  qua  Ton  eonnoit  aoua  la  nom  da  mina  da  cobalt 
noira  ou  vitrauaa ;  alia  aat  aouTant  traTara^a  par  daa  lamaa  d'argant,  at  contiant 
20  Juaqu'^  80  marca  (0*100  to  0*400)  da  ca  matal  au  quintal. 

"  Laa  autraa  asp^caa  da  mina  da  cobalt  tarreuaa  aont  plua  on  moina  richea, 
et  rampUaa  da  filata  d'argant  capillairaa;  il  j  an  a  mdma  qui  donnant  k  I'aaaai 
72  marca  (0*860)  par  quintaL  J'ai  auaal  trouT^  du  cobalt  gria  noir4tra  arec  daa 
parocUaa  da  mina  d'argant  rouga  dana  una  gangua  da  aehorl  Tart;  at  dana  la 
Xupfar-Niekal,  j'ai  trouT^  un  indioa  d'or.    *  *  ♦ 

ScKKBiBBB,  Journal  de  Pk^iigue,  xxit.  pp.  881^7. 

**  Laa  minaraia  daa  (Hialanchaa  aont  dispoa^  en  fllons,  an  coucbaa  at  an 
rognona. 

Laa  filona  Tariant  k  I'infini ;  ila  n'ont  ancuna  maniira  d'dtra  uniforma :  laur 
puiaaanoa,  laur  direction  at  laur  inelinaiaon,  6prouTent  dea  yariationa  eontinu- 
allaa,  at  aont  aujettea  ^  un  grand  nombra  d'aeoidana.  Caa  filona  aont  g^Arala- 
mant  plae^  lea  una  au-daaaua  daa  autraa;  ila  aont  Toiaina,  tr^a-rapproehte ;  ila 
aa  cndaant  an  toua  sana;  ila  na  conaaryent  ni  direction,  ni  incUnaiaon,  ila  prennent 
fr^uemmant  una  marche  opposte  k  eelle  qu'ila  tenaient  pr^Memmant ;  anfin, 
ila  aa  r^uniaaant,  ila  marohant  quelque  tama  ensemble ;  ila  aa  apparent  pour  aa 
r^unir  da  nouyaau  ou  pour  diaaparaitra  entiirement,  et  avec  des  circonatanoea 
tria-difiarant^.  La  riohaaaa  daa  filona  na  aa  maintient  paa  mieux  que  leuc 
mani^ra  d'etre.    On  Toit  aoufcnt  daa  filona  qui  donnant  20  at  25  d'argant  pour 
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talc,  micdt  epidote,  and  aabestus  occur,  here  and  there, 
in  smaller  quantities. 

Calcareous-spar,  chlorite,  asbestus,  and  epidote  have 
been  found  more  or  less  kindly  vein-stones ;  but  earthy 


100  do  mineni,  na  prote&tcr,  a  quelqaes  d^dmitret  de  disUnoe,  que  de«  gangnet 
•t^rilea. 

*'  Les  couches  de  minerai  aont  plus  rares  que  lea  flions ;  ellea  n*ont  que  peu  de 
suite ;  elles  iprouyent  les  mtoes  aceidens.  Leur  riohesse,  lear  direction,  leur 
inclinaison,  leur  puissance,  etc.,  Tarient  continuellement;  eUes  aont  ansa  ceise 
couples,  rejet€es,  ^trangl^s  et  interrompues  par  les  filons ;  enfin,  *  •  #  j« 
suis  port6  k  les  regarder  plni6t  oomme  des  fllona  horiaontanZy  qae  ooaune  des 
couches  TMtablea. 

**  Les  rognons  sont  moins  nombreus  que  les  Slons,  •  •  •• 

"  La  gangue  est  encore  plus  Tarite  que  la  maniire  d'etre;  le  ploa  oommnn^ 
ment  c*est  la  chauz  carbonate ;  elle  se  trouTe  pure,  m^langte,  aaaoci^,  cristai- 
lis6e,  informe,  etc.  Quelquefois,  c'est  la  chauz  sulfat6e;  en  d*aiitr«8  endroits, 
o*est  rasbeste-amiante ;  aouTent,  c'est  le  quarts  hjalin,  %  ^t  m  par  A^  ^ 
gangue  eat  argilo-calcaire:  id  c^est  le  tale-dorite  puW6nUent  vert  cm  bmn ;  pin* 
loin  le  mtae  est  en  masse,  et  contient  de  Targent  natif.  SouTent  c'est  T^pidote 
en  maase  on  eristallis^. 

**  Parmi  les  gangues  mtftalliques,  nous  trouTons  I'ozjde  de  eobalt  ienreuz  et 
▼itreauz,  les  cobalts  arseniatft,  arsenical,  grla,  «t  tout  plaa  on  moina  argentil^res. 

<*  Les  nickels  arsenical  et  oarbonat^  font  fr6quemment  roiloe  de  gangue.  I^ 
premier  eat  mdme,  par  fois  puissamment  riohe  en  argent,  L'arsenio  se  trouTC 
^alement  dana  les  minerais  argentif^res. 

«  L'antimoine  s'est  trou^  dans  les  tf Uts  natif,  suli^  ozyd<  et  hjJiowMtofe 

*'  Le  cuitre,  qui  eat  tris-abondant  dana  les  flions,  se  trouTe  en  diffdrens  4tats; 
il  est  pyriteuz,  sulftiri,  carbonate  Tert  et  bleu.  Le  cniTre  gris  se  trooTe  tr^ 
fr^uemment  dans  I'aabeate,  et  tov^onra  il  est  tris-riche  en  argent. 

«  Le  fer  et  le  manganic,  Tun  et  Tautre  ozjdte,  sont  g6ntodement  r^pandos 
dans  les  flions ;  le  dernier  prints  mdme  une  des  plus  riches  gangues  «n  argent. 

"  Le  plomb  se  trouTe  k  I'^tat  sulftir^,  et  quelquefois  k  I'^tat  phosphate." 

HftEiOAET  DB  Tbvbt,  JouTtuU  dn  Mfm$t  zz.  pp.  4^*8. 

"  Les  minerais  d'argent  de  la  montagne  dont  on  riant  de  rappder  la  oonstita- 
tion  g^ologique,  aont  disposes  en  Teines,  rognons,  amaa  et  filons,  tonjoufs 
irr^guliers  et  de  peu  d'^tendue.  Ces  gltes  sont  tr^-rapproeh^  les  uns  des  antres, 
aouTent  paraUMes,  puis  se  ooupant  bient6t  aons  toutes  sortes  d'anglea,  ehangeaat 
^  ohaque  instant  de  puissance,  de  direction,  dHndinaiaon  et  de  riohesse.  Ainsi 
on  trouTC  Targent  massif  et  natif,  puis  dea  minerais  rendant  60  pour  cent  de  ce 
m^tal,  et  quelquea  Instans  apr^  les  triors  disparraiuent  et  aont  remplac^  par 
des  gangues  st^rils.  Les  ohangemens  brusques  s'op^rent  sou^ent  dans  moins 
de  trois  pieds  de  longueur  de  galerie^  ce  qui  a  tovjoun  aossi  x«&du  TezploitatioA 
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brown  iron-ore— whether  in  small  isolated  masses  and 
short,  thin,  veins,  or  mixed  with  other  substances — 
is,  by  far,  the  most  congenial  matrix  to  ores  of  greater 
value. 

The  produce  has  consisted  principally  of  native 
silver,*  and  of  the  vitreous, t  earthy  black,;];  and  red  § 
ores  of  silver;  from  time  to  time,  however,  small 
quantities  of  horn-silver  ||  have  been  obtained*    These 


irr^guli^ra  dans  set  prodalts.  On  oonf oit  effeotiTement  qua  I'atelier  pent  reiter 
six  moifl,  an  an  et  plus  sun  donner  de  Targent,  poia  dans  Tingt-qnatre  heures 
on  tronye  largament  da  la  mati&re,  non-ieolement  pour  payer  toua  l«a  fraia 
pata^,  maia  anoora  pour  faira  face  k  da  semblablea  ohanoaa. 

"  Lea  Chalanohaa  ont  prodoit: — l.^^L'argent  natif;  2.°  I'argent  antimonial ; 
S."*  rargent  antimoni^  anlfur^ ;  4.^  I'argant  anlfur^ ;  5.^  I'argent  muriate.  «  •  • 
Chnnz  carbonat6a,  ehanz  carbonate  farT0-mangan6ail%rey  ehanz  carbonat^e 
masgan^aifire,  ehanz  inlfat^e,  baryte  sulfaUe,  qnarta,  qnarta  jaapa,  granat, 
feldapath,  toarmalinay  axinita,  ^pidota,  ampbibole,  peridot,  mlea,  aabeite,  aouffire^ 
anthracite,  or,  mercure,  plomb,  cuiTre,  nickel,  fer,  mangan^,  alnc,  cobalt, 
antimoine,  aracnie,  et  titane  ailiceo  calcaire." 

OumcARD,  8ur  la  Min&alopi$,  la  Odologie,  •t  la  MitaUutgie  de  Vlikn^ 
pp.  121—2. 

«  Schraibar,  Jcrnnal  da  Phytigue,  xxir.  p.  385.  De  Bonmon,  7&*i,  p.  208. 
Haiij,  Traitide  Mineralogies  zzi.  p.  387.  De  Thury,  Journal  dee  Minee,  xx.  p. 
83.  Broehant,  Traiti  EUmeniaire  de  Min&alogie,  ix.  p.  118.  Alex.  Brongniart, 
Jhidp  IL  pp.  249,  260.  Moha,  Dreatiee  oh  Mineraiogg^  n.  p.  486.  Gneymard, 
Za  Mmiralogie,  Ae^  de  Pleire,  p.  121—2.  Lory,  Deeor^ion  d^me  eoUecUon  de 
MiniroMzformeepar  M,  H  Heuhnd,  xi.  pp.  824,— 6,— 6, 

t  Schreiber,  Journal  de  Phgeique,  xxiy.  p.  885.  De  Thury,  Journal  dee  Minee, 
XX.  p.  84.  Moha,  Treaiiee  on  Mineralogg^  ui.  p.  12.  Gneymard,  La  Min^ralogie 

&C.,  de  rieire,  p.  112. 

}  Sehreiber,  Journal  de  Phgeigue,  xxiy.  p.  885.  Broehant,  DraiU  EUmeniaire 
de  Miniralogie,  n.  p.  113.  FhiUipa,  Mineralogg  (Third  Edit.)  p.  289.  Moha, 
Treaiiee  on  Minaralogy^  n.  p.  436.    TabU  XVL 

f  Sehretber,  Jowmal  de  Phyeigue,  xxiT.  p.  885.  De  Bonrnon,  Ihid,  p.  204. 
Da  Thnry,  Journal  dee  Minee,  xx.  p.  85.  Broehant,  jTVotM  BMnentaire  de 
Miniralogie,  ii.  p.  146.  Moha,  Treaiiee  on  Mineralegg,  iii.  p.  42.  Gneymard, 
La  MMralogie,  &o.,  de  Pleire,  p,  122. 

I  Sehreibar,  Journal  de  Phgeique,  xxiT,  p.  885.  De  Thnry,  Journal  deeUinee, 
XX  p.  84.  Alex.  Brongniait,  DraUi  SUmentaire  de  Min&alogief  n*  p.  257. 
Oueymud,  La  Miniralogie,  &c.,  de  fleire,  p.  122. 
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are — often  together,  but  sometimes  separately — im- 
bedded in,  or  mixed  and  invested  with,  earthy  cobalt  * 
and  cobalt  bloom ;  t  and  all — with  smaller  proportions 
of  arsenical  cobalt,;];  arsenical  nickel,§  and  tlie  arseniate 
of  nickel,|| — are  enveloped  in  the  ordinary  vein-stone. 
Various  ores  of  antimony,  lead,  and  copper  are  also 
thinly  scattered  through  the  same  matrix,  but,  hitherto, 
die  deepest  have  been  found  the  least  productive  parts 
of  the  lode&n^ 

(5.)  Tlie  Brisie  (cross-)  vein — diflPering  in  direction 
from  some  of  the  lodes  less  than  they  differ  from  ope 
another— bears  35""  N.  of  E.— S.  of  W. ;  its  dip  to- 
wards the  south — like  the  mean  of  crass^veins  in 

*  Sehreiber,  Journal  d$  Ph^nque,  xxrr.  p«  386.  De  Bournon,  Ibid,  p«  804. 
HaUj,  TVaUi  de  Min&alops,  it,  p.  220.  De  Thury,  Journal  des  Minet,  xx. 
p.  88.  Alex.  Brongniart,  Thui^  EUmmUairt  de  MiniraXogie^  n.  p.  120.  herj^ 
Deteripiion  d^um  coUedim  de  MmSraux,  m.  pp.  247.--9.    Table  XVL 

t  Schreiber,  Journal  de  Pkjfeigue^  xxit.  p.  889^  De  Thnry,  Journal  dee  Mutee, 
XX.  pp.  83,  97.  Berthler,  Annalee  dee  Mime,  it.  p.  472.  Levy,  Veeer^Hoa 
d^une  collection  de  Miniraux,  m.  p.  262.     ToMs  XVL 

X  Schreiber,  Joumei  de  Phyeique,  xziy.  p.  886.  De  Bovrnon,  Ibid,  p.  212. 
HaUj,  TVmV/  de  Miniraloffie,  xv.  p.  208.  De  Thury,  Journal  dee  Mitm,  xx. 
pp.  88, 96.  Alex.  BroBgniart,  TVaiU  Blimentaire  de  Min^ralopie,  u.  p.  IK^* 
Bertbier,  Anntdee  dee  Minee,  it.  p.  472.  Levy,  Deeeriptum  dTume  eoUetHm  de 
Minirauz^  in.  pp.  247,— 9,^*61. 

X  Sebreiber,  Journal  de  Phyeique,  xxnr.  p.  887.  De  Bonmon,  Ibid,  p.  212. 
HaUj,  III.  p.  516.  Broobant,  Draiii  EUmentaure,  de  Minkrologie,  n.  p.  410. 
De  Tbury,  Jomnal  dee  Mimm,  xx.  pp.  83,  90.  Alex.  Brongniart,  TraiU  SH- 
niewfairt  de  Miniralopie,  ii.  p.  209.  Berthier,  Annalee  dee  Minee,  it.  pp.  467,— 
70,-4.  Mohi«  Treatiee  on  Minoralogy,  xL  p.  448.  LeTj,  Deeeription  ^hme 
eoOection  de  Minirauao^  m.  pp.  261,-69.  Deleeae,  Annalee  dee  Minee,  4me 
S4rie9  xir.  p.  461. 

i  De  Tbnry,  Journal  dee  Minee,  xx.  p.  90.  Phfllips,  Minoralo^  (Srd  Bait.), 
p.  284.  Mobt,  Dreatiee  on  Mineralogy,  ii.  p.  448.  Berthier,  Annalee  dee  Ui^t^* 
XT.  p.  472.  LeTx,  Deeeriptum  dune  eoUooUon  de  Miniraux,  in.  p.  270.  TM 
XVL 

%  *'  Lei  filons  forent  beaucoup  plus  ricbei  vers  la  lorface  que  dam  la  pro- 
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Cornwall  * — is  at  a  much  higher  angle  than  the  dip 
of  any  lode  in  the  vicinity ;  and — like  the  Cornish 
cross-veins  f — it  is  wider  than  the  widest  lode  in  the 
neighbourhood.  It  consists  wholly  of  gneiss ;;{:  softer, 
perhaps,  than  the  adjoining  (Country)  rock,  but  of 
much  the  same  composition  and  structure. 

The  cross-vein  intersects  the  Hercule  lode^  and  dis- 
places (heaves)  it  about  twelve  fathoms  (R^^O.A.) 
towards  the  right-hand,  and  to  the  side  of  the  greater 
angle ;  but  it  is  not  seen  in  contact  with  any  other 
hde. 

In  the  hornblendic  slates  which  succeed  the  gneiss, 
near  Allemont  oh  the  south-east,§  unsuccessful  trial 
has  been  made  of  a  lode,  which — bears  SS**  N.  of  E.- 
S.  of  W., — dips  towards  the  north, — measures  some 
eighteen  inches  in  width, — and  contains  disintegrated 
slate  and  quartz,  sprinkled  with  earthy  black  manga- 
nese and  specular  iron. 


fosdeor."— Albx.  Brononiart,  Traite  EUmentaire  de  Min&alogie,  n.  p.  260. 
*  Thomas,  Surwy  of  the  Mining  District  between  Chaeewater  and  Camborne  ^ 
p.  21.  Fox,  Beporte  of  the  Royal  Cornwall  Polytechnic  Society,  iv.  p.  84. 
Henwood,  Cornwall  Oeol,  Trans.,  v.  pp.  247,"-60,"-77,— 9,  Tables  CI,,— III., 
^IV„—VI.,  Ante,  p.  410,  Note  •. 

t  Henwood  Cornwall  Oeol.  T^ans.,  v.  Tables  CL,^IV.,  Ante,  p.  410,  NoU  *. 

X  '*  Lea  filons  •  «  «  soDt  coupds  par  une  esp^ce  de  gros  filons  sauvages, 
composes  de  terrc  argilleuse  <t  de  morceaux  arrondis  de  gneiaa." 

ScRBiBBB,  Journal  de  Physique  xxrv.  p.  382. 

i  In  lSo3  a  reaidest  practitioner  with  the  diTining  fdowtitiyj-rod  (la  baguette )^ 
offered  an  English  party  his  profesaional  aid,  in  this  part  of  the  district." 

Agricola,  De  Re  MetaUica,  pp.  26—8,  Fig,  1.  Borlaae,  Natural  History,  p. 
166.  Pryce,  Mineralogia  Comubiensis,  pp.  113 — 24.  De  la  Chabeaussi^re, 
Journal  de  Physique,  xxiv.  p.  423.  Rees,  Cyclopadia,  xxxTit.  (Yirgula 
Divina).    Henwood,  Mining  Review,  i.  p.  403. 
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The  mines  were  wrought  at  such  an  elevation,  and 
at  so  great  a  distance  from  every  habitation,  that,  even 
in  summer,  the  workmen  seldom  visited  their  families 
except  on  Sundays;  during  several  of  the  winter 
months,  however,  frozen  snow  of  miles  in  extent,  and, 
at  intervals,  of  many  feet  in  thickness,  often  impeded, 
and  sometimes,  for  several  successive  weeks  entirely 
prevented  all,  communication  with  their  nearest  neigh- 
bours.* 

In  spring  the  steep  and  ill-made  roads  are  always 
injured,  and  sometimes  they  are  destroyed,  by  frequent 
avalanches  and  the  general  thaw. 

It  therefore  was  necessary  to  collect,  at  the  mines, 
in  summer,  all  materials,  tools,  fuel,  food,  and  other 
things  requisite  during  winter.  And  in  order  to  avoid 
unnecessary  carriage  every  utensil  was  shaped  on  the 

plain.f 

Of  course,  such  difficulties  added  materially  to  the 
ordinary  expense  of  working. 

The  mines  of  Chalanches  were  wrought,  and  the 
ores  obtained  from  them  were  smelted  at  AUemont, 

firom  1767  to  1776  on  account  of  the  OoTernment;— 
M    1776  „  1792  „  the  Compte  de  Froyenee   (afterwards  Louif 

„    1792  „  1808  „  theGoTemment;  tltlvu)\ 

and  more  recently,  at  intervals,  by  various  lessees.^: 

*  *'  M.  Gneymard  itates  that  the  higher  mountaina  in  Dauphin^  are  rarel/ 
acceaaible  for  more  than  the  last  ten  days  of  July  and  the  first  week  or  two  of 
August." — ^FoBBBS,  Noryaay  and  iU  Qladen,  p.  257. 

In  May,  1868,  a  path  to  the  mines  was  opened  through  frosen  snow ;  which, 
in  many  places,  exceeded  seven  feet  in  depth.  Tet  on  a  leafless  tree,  in  this 
dreary  region,  a  cuckoo  perched  in  fall  song. 

t  The  smiths'  fires— like  those  at  Monievade  and  Caita  Preta  in  Brazil^were 
blown  by  water-blatts.    Ante,  pp.  219—20. 

t  Gueymard,  La  Mintrohgte,  &c.,  dis  TZs^e,  p.  122  -4. 
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From  1767  to  1803  the  quantity  of  silyer  extracted  amonnted  to 

(9,468  kilogrammes)  25,826-89  lU.  Troy; 
which — at  £3:6:  3-4  per  lb.— 

realiied   (2.098,481 /hmrO  ....  £83.939 

whilst  the  general  expenditure  was    ..    (1,890,896      „      )  ••••      76,636 

In  thirty-iiz  years,  therefore,  the  net  )  ,  t%M  kqk  \  ^   quaq* 

profitwas jC  207,686      „      )  .•..  £   8,808» 

beside  the  fomaces,  maehinery  and  tools, 
which  —  having  been  provided  from  the 
proceeds  of  the  ores — were  now  ralued  at  (  200,000      „     )....£   8,000* 

Subsequent  operations,  however,  were  much  less 
successful.* 


•  Oneymard,  La  Min^raicgie  &c.,  de  risire,  p.  122^4. 
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Notice  of  the  SARK'S  HOPE  Mine,  Sark 

The  island  of  Sark  comprehends  two  unequal  tracts 
of  elevated  table-land  (Great  and  Little  Sark)  connected 
by  a  high  narrow  ridge  (the  CJoupee).* 

The  rocks  consist  mostly  of  felspar  and  hornblende; 
but  actynolite,  asbestus,  steatite,  chlorite,  calcareous- 
spar,  and  quartz,  are,  here  and  there,  associated  with 
the  other  ingredients  in  imbedded  masses  or  subordi- 
nate veins. 

In  several  parts  of  the  island  metalliferous  deposits 
have  been  rather  extensively  wrought. 

(a.)   At  Port  ^s  Sees  two  (levels)  galleries   were 


«  <*  The  little  Island  of  Sereq  lies  six  miles  to  the  east  of  Guernsey,  and  it 
rather  more  than  three  miles  in  length.  Its  extreme  breadth  is  not  more  than  a 
mile  and  a  half,  and  its  average  breadth  not  quite  a  mile.  In  one  part,  it  is  not 
many  yards  wide,  being  nearly  divided  into  two  portions,  connected  only  by  a 
high  and  narrow  ridge.  «  ♦  *  It  is  a  table  land,  having  no  declivity  Co  the 
sea  at  any  part,  except  a  small  descent  at  its  northern  extremity.  «  «  ♦  The 
eastern  side  of  the  land  is  pretty  uniformly  about  one-third  lower  than  the 
western.  In  a  general  view  the  western  side  is  of  a  trap  and  schistose  formation, 
and  the  eastern  of  a  granitic." — Mac  Cullooh,  Geol.  TVant.,  0,8.,  i.  p.  13. 

*'  Great  Sark  and  Little  Sark  form  one  connected  island,  the  connecting  link 
being  a  natural  causeway,  at  an  elevation  of  nearly  300  feet  above  the  sea.  *  *  * 
Great  Sark  is  rather  more  than  two  miles  in  length  from  north  to  south,  and  Little 
Sark  rather  less  than  a  mile.    The  greatest  width  of  land  in  the  principal  island 
is  about  3,000  yards.   «  «  «     The  whole  island  somewhat  resembles  the  figure 
8 ;  but  the  upper  part  of  the  figure  should  be  much  larger  than  the  lower  part. 
Its  outline  is,  in  fact,  a  double  loop ;  the  two  loops  of  different  sixes,  connected 
by  a  short  line.    Both  Great  and  Little  Sark  are  table  lands,  and  their  elevation 
above  the  sea  is  upwards  of  360  feet.    The  ground  sinks  towards  the  south,  bat 
is  everywhere  surrounded  by  lofty  perpendicular  cliffs.  «  «  «    The  predomi- 
nant rock  is  syenite,  and  the  principal  veins  are  greenstone,  with  felspar  wa2is. 
But  besides  these,  there  are  numerous  veins  of  asbestiform  minerals,  of  serpen- 
tine, and  of  soft  clayey  matter,  and  some  strings  of  quarts.  «  «  •    Large 
quantities  of  actynolite  occur  in  many  parts,  and  an  important  vein  of  serpentine 
and  steatite,  with  asbestos  and  talc,  has  been  traced  crossing  the  central  pft'^ 
near  Port  du  Moulin."— Ansted,  Channeiltianda,  pp.  70,-1,  264. 
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opened,  at  different  elevations,  on  a  lodej  which  bears 
40^*  E.  of  N.— W.  of  S.,*  dips  N.W.  55'— 65%  varies 
from  three  to  six  feet  in  width,  and  consists,  mostly  of 
disintegrated  felspathic  and  honiblendic  matter,  aren- 
aceous quartz,  and  earthy  brown  iron-ore;  wherein 
hard  angular  bodies,  as  well  of  felspar  and  hornblende 
as  of  massive  quartz,  and  grains  both  of  iron  and  of 
copper  pyrites  are  imbedded  at  intervals,']' 

Within  about  thirty  fathoms  two  other  lodes — of 
much  the  same  composition — have  been  slightly  ex- 
amined. Both  bear  24**  N.  of  E. — S,  of  W.,  but  one 
has  a  northerly,  whilst  the  other  maintains  a  southerly, 
dip;  the  first,  however,  measures  at  least  six,  whilst 
the  second  is  scarcely  four,  feet  in  width. 

The  neighbouring  rocks  abound  in  felspar,  though 
now  and  then  they  contain  hornblende  also;  their 
structure  is  usually  foliated,  and  near  the  lodes  they 
are  fine-grained  and  soft,  but  within  short  distances,  on 
either  side,  they  become  coarse  and  hard. 

(6.)  The  only  part  of  the  island  in  which  the 
miner  has  yet  found  encouragement  is,  however,  the 
immediate  vicinity  of  Port  Gouray,  near  the  south- 
south-western  extremity  of  Little  Sark;  where  the 
rocks  frequently  contain  much  chlorite  and  calcareous- 
spar,    although   felspar  and   hornblende   are   always 


•  In  1888  the  Magnetic  declination  was  about  24*^  West.  Boss,  Phil.  Trttn$,, 
oxzxix.  p.  208.    Sabihb,  Ibid,  PL  XIV, 

t  At  Port  ^  s^es  a  large  and  most  promissing  lode,  contains  nodules  and  small 
strings  of  iron-pyrites  which  afford  (0000806  to  0*000460  their  weight)  from 
10  to  15  ounces  of  silTer  per  ton." 

JoHMSON  &  ViviAM,  Repori  on  the  Sark  Mines  (1842),  p.  Z 
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their  principal  constituents.  *  The  southern  portions 
are»  somewhat  indistinctly,  foliated;  but  towards  the 
north  massive  structure  prevails^f 

(1.)  Although  several  hdes  crop  out  in  the  neigh- 
bouring cliffs,:]:  two  only  have  been  examined  ;   viz. — 

feat 

The  BUvtr^lodt,  which  Imn  «•  S. of  N.  dipt  N.W.08*  ud  mMinrM  I'S^ll-O  la  width;— 

— W.  of  8.,  -86", 

M  Cofpmr'lode,  „  N.B.~S.W.,  m    N.W.70"  „  S*5— A-0  ,» 

-7fiS 

(2.)  The  nearly  north-north-easterly  and  south-south- 
westerly (Silveryiode  maintains  a  much  higher  in- 
clination than  the  contiguous  (Copper)-lode  or  the 
lodes  at  Port  ^s  Sees  which  range  obliquely  to  it; 
much  as  the  cross-veins  of  Cornwall  and  Devon  main- 
tain, with  respect  to  the  tin  and  copper  lodes  in  their 


*  "  The  southern  point  of  the  island  is  formed  of  a  sienite  [in  which]  the 
felspar  is  inTariably  white."— Mao  CullooHi  QmI.  Drana,,  O.8.,  i.  p.  16. 

« In  the  western  part  of  the  [Sark]  the  rook  at  the  shallow  adit  [14  fathoms 
ftrom  the  surface]  is  a  decomposing  sienite»  which  continues  down  to  the  lO-ikthcm. 
leyel  [84  fathoms  deep] ;  from  thence  to  the  bottom  of  the  mine  chlorite  appearSi 
which  is  trarersed  by  numerous  small  Teins  of  peroxide  of  iron  and  carbonate  of 
lime.  It  is  remarkable,  howcTer,  that  in  the  erou-euU  which  have  been  extended 
a  few  feet  on  both  sides  of  the  lode,  we  haTe  inrariably  found  a  hard  slenitie 
rook  conuining  an  excess  of  hornblende,  but  not  the  least  appearance  ot  either 
iron  or  lime."— Pbihob,  CotmcoII  QmL  2Viiiw.,  ti,  p.  103.    • 

**  In  Little  Sark  the  rocks  are  somewhat  lower  than  on  the  larger  dlTislon  ot 
the  island,  and  there  is  nothing  calling  for  a  special  remark  till  we  reach  the 
little  harbour  of  Gouray,  where,  in  former  times,  yessels  were  moored,  bringing 
stores  from  Cornwall  for  the  mines  adjacent.  *  •  •  Veins  [which]  in  large 
numbers,  cross  the  axis  of  Sark  at  right  angles,  •  •  •  illustrate  the  fact,  that 
the  older  fissures,  due  to  early  eleration,  range  east  and  west,  •  •  «  whilst 
the  modem  upheayals  range  rather  in  a  north  and  south  direction."— AkstsDi 
Channel  Ulandit  PP*  88,  263,-4. 

t  <*  A  compact  rock,  containing  masses  of  felspar,  preyails  eaat  of  the  engine- 
shaft,  whereas  that  in  the  western  part  of  the  mine  is  foliated." 

Pbimcs,  Rqtort  on  the  Sarh  Minet  (1889),  P'  ^ 

X  "  There  are  three  interesting  parallel  todes,  south  of  Sark's  Hope  tode" 

YiTXAN,  Report  on  the  Sark  Minee  (1838),  P/  ^ 
TabU  XVII. 
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respective  neighbourhoods;  *  and  as  the  approximately 
meridional  lodes  of  Keweenaw  preserve  with  regard  to 
the  lodes  of  Ontonagon  (Lake  Superior)  to  which  their 
directions  are  either  transverse  or  oblique.tt 

(3.)  In  average  width  the  Silver  and  the  Copper 
lodes  are  much  alike ;  but  the  former  is  frequently  of 
dimensions  which  the  latter  never  attains.§ 

(4.)  Although  the  earthy  portions  of  both  the  lodes 
comprehend  several  ingredients  beside  those  of  the 
adjoining  rocks,  various  parts  display  characteristic 
differences.  Felspathic  matter  is  everywhere  the  pre- 
vailing constituent,  yet  particles,  small  isolated  masses, 
and  short,  narrow,  strings  of  calcareous-spar  are 
numerous;  granular  quartz — if  equally  plentiful — is 
less  uniformly  distributed ;  veins  of  coarse  jaspar  occur 
at  intervals ;  and  spheroidal  agatine  masses,  containing 
many  concentric  layers  of  differently  coloured  quartz, 
are  imbedded  in  the  other  substances.  Throughout 
the  north-north-east,  and  for  some  forty  or  fifty  iathoms 
deep,  towards  the  south-south-west,  hornblende  is  a 
component  of  the  Silver  lode ;  but  at  greater  depths 
it  is  substituted  by  chlorite.  || 

«  Henwood,  Comwitt  QmL  TVoim.,  t.  pp.  247,— 50,— 77*^79.  Ani§,  p.  410, 
Note*. 

t-^nte,  pp.  408,— 10. 

t  At  Chalanehei,  how«Ter,  the  lodes  whioh  range  mostly  between  N.N.W.— 
8.8.B.  end  N.N.E. — S.8.  W.  dip  at  much  lower  angles  than  the  (Britie)  croM- 
vem,  whioh  bears  Z&*  N.  of  B.--8.  of  W.    AnU^  p.  527,  TobU  XVL 

i  Henwood,  Cornwall  QooL  Drant,^  y,  pp.  240—5,-75—6,  TabUt  CL,  CIV,^ 
Anie,  pp.  409,-10,  582,  Tabk  XVL 

I  **  The  matrix  of  the  lode  consists  of  fragments  of  the  strata,  carbonate  of 
lime,  milk,  rose,  and  brown  quarts,  red,  green,  and  white  felspar,  and  in  some 
places  homstone  (eapei),  ♦  ♦  ♦  Below  the  10  fathoms  level  [34  fathoms  from 
the  snrCaee]  it  is  composed  of  chlorite,  carbonate  of  lime,  and  felspar,  with  fel- 
spar-clay {pnanj on  the hanging-ioaXl" 

Paxnob,  Cornwall  Geol,  Dram.,  yi.  pp.  101,-8. 
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Of  the  metal) iferoua  contents  of  both  the  loda  I'roa- 
pyrites  and  earthy  brown  iron-ore  are,  by  far,  the  most 
abimdaQt;*  but — as  in  most  other  places-^the  latter 


■  "TlMlode,as  far  dowo  u  40  tkthomi  balowtha  mi  [M  tathonu banutli  Iba 
«uih«],  cantiJDB  an  abDndano*  of  brown  caith;  iion-ora,  •  •  •  irtth  no- 
dnlltcd,  radiatad,  argentlfaroaa,  aiacoical,  aurirerooa,  aod  wbita  and  magntlie 
(ton  ■pjAia  CmwuMi;^"— Frikcx,  Commttt  Gtel.  TratM.,  11.  p.  101. 
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disappears  at  little  more  than  fifty  fathoms  under- 
ground,* 

( — A.)  From  the  surface  to  the  sea-level — a  depth 
of  twenty-four  fathoms — the  other  metallic  ingredients 
of  the  Silver-lode  consist,  in  great  measure,  of  salts ; 
but  still  deeper  they  are  almost  exclusively  sulphurets.f 
At  all  depths  throughout  the  south-south-west,  the  ores 
— as  well  the  salts  as  the  sulphurets — ^are  mostly  those 
of  lead ;  but  at  corresponding  levels  towards  the  north- 
north-east,  they  are,  almost  without  exception,  those 
of  silver. 

The  following  columns — a  brief  abstract  of  TahU 
XVII. — show  the  relative  positions  of  the  different 
ores. 

BOUTH-SOUTH-WBaX.  NORTH-MORTH-BABT. 

Depth*,  Minerals,  Minerala, 

Surface  ^    i  Carbonate  of  lead ;  Chloride  of  siWer ; 

to  24     V   <      Sulphate  of  lead ;  Earthy  black  ailver-ore. 

fathoms  )     (.  Galena. 

Galena ;  Earthy  black  ailyer-ore ; 

Antimoniated  galena ;  Yitreoua  liWer ; 

24  to  64  )    \  Super-aulphuret  of  lead ;  Copper-pyritea ; 

f  ,J;^_^,  (   J  Sulphato-tricarbonate  of  lead ; 

xainoma  )   ^  Earthy  black  aiWer-ore  ; 

Vitreous  silver ; 
Red  silver ; 

Green  carbonate  of  copper; 
Blue  carbonate  of  copper. 


•Pryce,  Mineralogia  ComtAienaia^  p.  91.  Phillips,  Qeol.  Tran$,  i.  p.  26;  ii. 
p.  117.  Weaver,  Ihid,  v.  p.  213,  Came,  Comtoall  Gecl.  Tran$,t  n.  p.  122. 
Fox,  Report  of  the  Cornwall  Polytechnic  Society^  iv.  p.  85.  De  la  Beche,  Report 
on  the  Geology  of  Cornwall,  &c.,  p.  326.  Henwood,  Cornwall  Geol  Trane,  v. 
p.  206.  Anstcd,  Quarterly  Journal  of  the  Geological  Society,  xn.  pp.  149,-62 ; 
ziiz.  pp.  243,— 6,— 9,— 61. 

t "  At  the  ten  fathoms  [below  the  sea]  level  we  found  that  the  bunches  of  ore 
which  had  made  and  were  now  making  returns  in  the  adits,  samples  of  which 
produced  37  ounces  [0*001133  their  weight]  of  silver  to  the  ton  of  ore,  had 
altered  their  mineraliied  state  from  the  chloride  to  the  sulphuret  of  silver.    At 

FFFF 
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The  proportions  of  the  sulphate  of  lead  and  of 
galena  scattered  through  the  carbonate  of  lead  near 
the  surface,  and  of  antimoniated  galena,  the  super- 
sulphuret  of  lead,  the  sulphato-tricarbonate  of  lead, 
earthy  black  silver-ore,  silver  glance,  red  silver,  and 
of  both  the  carbonates  of  copper  associated  with  galena 
in  deeper  parts  of  the  lode  towards  the  south-south- 
west ;  as  well  as  the  quantities  of  earthy  black  silver- 
ore  mixed  with  the  chloride  of  silver  above  the  sea- 
level,  and  of  silver  glance  and  of  copper-pyrites  inter- 
mingled with  earthy  black  silver-ore  at  greater  depths 
on  the  north-north-east,  are  in  all  cases  very  small. 

Although  all  the  sulphurets  of  lead  are  more  or  less 
argentiferous,  and  rich  bunches  of  silver-ore  have  been 
obtained  at  intervals,*  the  metallic  minerals  are,  in 
general,  so  thinly  scattered  through  their  matrix,  that 


the  twenty  fatboou  lerel  the  lead,  which  in  the  lerele  above  had  eziited  at  car- 
bonate, eecmed  to  have  altered  iti  atate  to  the  lalphnret.  At  the  thirty, 
nearly  the  same  ore  waa  found,  exeept  that  a  pr^ortion  of  antimony  entered 
into  its  composition.  At  the  forty  this  ore  shows  a  small  proportion  of  mhy 
silTer  a  sample  of  which  prodneed  [0*009704  its  weight]  317  ounces  of  silver  to 
the  ton  of  ore.  A  branch  of  galena,  continuous  to  15  or  16  fothoms,  produced 
40  per  cent.  [040]  of  lead,  and  37  ounces  [0*001133]  of  silTcr  per  ton  of  ore. 
At  the  fifty  west,  the  lode  is  divided  into  two  branches,  the  north  branch  carried 
pyrites  and  silver." 

JoHVSOir  A  VnriAir,  RtpoH  m  tks  8ark  Mi$ui  (1842),  pp.  1—2. 

The  argentiibiOQs  lead  «  ores  produced  from  20  to  85  per  cent.  [0-20-*0-85] 
of  lead  and  from  [0*000918-*0'008673  their  weight]  30  to  120  ounces  of  sQver 
to  the  ton  of  on/' 

FBDroi,  CormMU  OmL  TVom.  yi.  p.  102;  abridged.    AnU,  p.  121,  Note. 

At  Chafiarcillo  the  salts  of  silver  often  extend  to  depths  fiir  greater  than  the 
bottom  of  Sarl^i  Hope;  but  they  are  much  more  abundant  in  the  shallower  than 
in  the  deeper  parU  of  the  lodes.  Ante,  pp.  90—3,  97— 100,— 11,— 16— 18,— 
20—1;  TdbUsIILlV. 


•  A  sample  of  ore  obtained  tome  54  Ikthoma  from  the  suriiMe  yielded  at  the 
tftte  of  (0016225  its  weight)  530  Troy  ounces  of  tUver  per  ton. 


t 
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— from  the  difficulty  of  (dressing)  separating  them — 
they  have  been  sold  at  low  rates.* 

The  ores  of  silver  prevail  in  the  north-north-eastern 
— whilst  those  of  lead  abound  in  the  south-south- 
western— parts  of  the  lodej  and  both — conforming,  in 
some  measure,  to  the  foliated  structure  of  the  adjoining 
C Country)  rock — shoot  f  towards  the  north-north-east. 
Below  a  certain  point  in  this  line  of  their  endlong  dip, 
therefore,  the  ores  of  lead  are — like  their  analogues  in 
the  great  lead-mines  of  Brittany — overlaid  by  those  of 
silver.J 

Notwithstanding  the  abundance  of  various  ores 
of  silver,    neither   native-silver,^   nor  ore  of    either 


*  Large  quantitiet  of  the  lods  from  ahallow  parte  of  the  mine, — merely  freed 
from  imbedded  mataee  of  barren  qaartfl,^were  eold  at  £6  :  10  :  0  per  ton. 

During  thirteen  monthi  paat  the  ore  has  been  eold  at  an  average  priee  of  £10 
per  ton«-- Aporl  of  iha  Sark  Minimg  Campan/jf  (16th  Ootober#  1839),  p.  1. 

t  Tregaalds,  lUpori  of  CormoaU  PolyUehnie  Society ^  iv.  pp.  95—6.  Henwood, 
Edin*  New  Phil,  Jourru»lf  zzn.  p.  157  »  CormoaU  Geol,  Ihina.,  T.  pp.  41,  64, 
87*,  129,— 93;  vi.  p,  146;  Ante.p^.  122,216,— 16,— 69,— 63,— 4,— 9,— 70,— 3, 
—82,-3,  319,— 23.— 6,— 82,  437—8. 

I  •<  Le  mineral  d'argent  ocenpe  la  region  iupMenre  dn  filon  de  Hnelgoat :  il 
fidt  suite  au  minerai  de  plomb,  aTee  leqoel  il  se  oonfond  k  la  ligne  de  contact. 
4^  «  «  L'argent  se  trouYO  k  trois  6tats  difG§rent8  dans  le  minerai  de  Hnelgoat ; 
k  r^tat  de  chloro-bromnre,  l'argent  natif  et  de  snlfure  plombo-enprifdre.  Lcs  deux 
premiers  de  ees  minftranz  paraissent  6tre  plos  r^pandus  qne  le  troisi^me :  on  les 
rencontre  particnUdrement  k  la  ordte  dn  massif  argentif^re,  sur  tout  I'^tendne  de 
I'ezploitation." 

Pbbhollbt,  AmuUea  de»  Mirua,  4me  S^rie,  x.  p.  420.    Ante,  p.  104. 

{  Pryce,  Hinerahgia  ComubiennSy  p.  60,  Jars,  Voyages  MitaUurffiquea,  n.  pp. 
101, — 21,  380,-3,-93,  402, — 96.  De  Bournon,  Journal  de  Physigue,  xxxv.  pp. 
204, — 11.  Schreiber,  Ibid,  p.  386.  Kirwan,  Mineralogy,  p.  2il.  HitchinSy 
PAt7.  TVofM.,  xoi.  p.  159.  Daubuisson,  Dea  Mines  de  Freiberg,  in.  pp.  68, 210, 
— 11.  Alex.  Brongniart,  Min^raloffie,  ii.  p.  267.  De  Thury,  Journal  dee  Mines, 
XX.  pp.  83 — 4,  90, — 6, — 7.  Berger,  Geol.  Trane,  i.  p.  17 1*  De  Humboldt,  New 
%fam,  m.  pp.  166,-94,  221,-9,-30.  Wm.  Phillips,  Geol.  Trans,,  il  p.  162; 
Mineralogy  (Third  Sdition),  pp.  286,-8.  Lysons,  Comtoall,  ccx.  Polwhele, 
Cornwall,  iv.  p,  134.    C,  S,  Gilbert,  ComtcaU,  i.  p.  218.    Caxne,  ComwaU  Geol, 


538  W.  J.  Henwood,  on  the 

cobalt*  or  nickel,t  has  ever  been  observed  in  the 
mine. 

( — 4  B.)  The  Copper4ode  differs  but  little  from  the 
Lead-lodCi  either  in  the  nature  of  its  earthy  ingredi- 
ents or  in  the  proportions  of  the  iron-ores  it  contains. 
At  a  depth  of  forty-four  fathoms,  however,  it  is  slightly 
veined  and  spotted  with  copper-pyrites. 

(5.)  The  Lead-lode  intersects,  but  does  not  (heave) 
displace,  the  Copper-lode. 


Tmfw.,  X.  pp.  121—4 ;  n.  pp.  105,-13,-20.  Berthier,  Annaiea  dea  Minea,  it. 
p.  472.  Mohs,  Mmeralo^,  n.  p.  435.  Michell,  Manual  of  Mineraiogy,  pp.  20-1 . 
LeTy,  Deteripium  tTune  coUeeHon  de  Mmeraux,  ii.  pp.  321^2, — 4 — 8.  Fox, 
Report  of  ih»  Cornwall  Polytechnic  SoeUty,  iv.  p.  92.  De  la  Beche,  Bq»ort  on 
the  Qeology  of  Comteall,  &c.,  p.  613.  Brauxi,  Annalet  dee  Minee,  3me  86rie, 
XTTii.  pp.  148—50.  Daubr6e,  Ibidt  ^^^  S^rie,  it.  p.  259.  Domeyko,  Ibid,  4me 
S6rie,  ix.  p.  445.  Henwood,  Comtoall  QeoL  Trane.,  ▼.  pp.  65,  109,-40,  269 ; 
Ante,  pp.  76,  90—3,-7—121,  525.  Fernollet,  Annates  dee  Mines,  4me  S^rie, 
z.  p.  421.  Garby,  Cornwall  Geol,  Trans,,  vxi.  p.  87.  Oregg  &  Lettaom, 
Mineralogy,  pp.  240, — 4.     Salmon,  Mining  Magazine,  ll.  83. 

*  JarB,  Voyages  MetaUurgiques,  ii.  pp.  493, — 5,-6.  De  Bournon,  Jcumai  de 
Physique,  xxiv.  p.  204.  Schreiber,  Jhid,  p.  386.  Hitchins,  Phil,  Trans,^  xci. 
(1801),  p.  159.  De  Thury,  Journal  des  Mines,  xx.  pp.  83,  90,-6.  Alex. 
Brongniart,  Min&alogie,  ii.  pp.  118, — 20.  ViTian,  ComtoaU  Geol,  Trans,,  i.  p. 
66.  Carne,  Ibid,  pp.  122,-4.  Berthier,  Annates  des  Mines,  iv.  p.  472.  Mohs, 
Mineralogy,  n.  p.  454.  Phillips,  Mineralogy,  pp.  279—82.  Michell,  Manual  of 
Mineralogy,  p.  52,  Levy,  Description  d'une  collection  ds  Min^aux,  ii.  pp.  324, 
— 8.  Fox,  Report  of  the  Cornwall  Polytechnic  Society,  iv.  p.  92.  Braun, 
Annates  des  Mines,  3me  S^rie,  xviix.  pp.  148, — 50.  Daubr^e,  Ibid,  4me  S^rie, 
IV.  p.  249.  Henwood,  Cornwall  Geol.  Trans.,  y.  pp.  66,  478;  Ante,  pp.  121, 
526.  Garby,  Cornwall  Geol.  Trans.,  vii.  p.  87.  Gregg  &  Letsom,  Mineralogy, 
pp.  240^  302. 

t  De  Bournon,  Journal  de  Physique,  xxxv.  p.  212.  Schreiber,  Ibid,  p.  387. 
Kirwan,  MineriUogy,  pp.  241,-65.  De  Thury,  Journal  Des  Mines,  xx.  pp.  83, 
90.  Alex.  Brongniart,  Min&alogie,  ix.  p.  209.  Berthier,  Annalea  des  Mines,  it. 
p.  472.  FhillipB,  Mineralogy,  p.  283.  Braun,  Annales  des  Mines,  Zme  S4rie, 
XVIII.  pp.  149,-51.     Ante,  pp.  121,  526. 
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The  water  *  which  enters  the  mine  is  fresh  above, 
but  salt  below,  the  sea-level. t 

The  engines  stand  on  a  wild  cliff;  and  in  several  of 
the  drifts,  extended  beyond  it,  the  workmen  hear  over- 
head— even  in  fine  weather — the  dashing  of  the  waves 
and  the  grinding  of  the  pebbles. 


*  On  the  coasts  of  West  Cornwall  the  mine-water  is  generally  more  or  less 
salt.  Fryce,  Mtneraiogia  Comtthienaist  p.  21.  Hawkins,  Cornwall  Geol,  Trans,, 
I.  p.  138.  Forbes,  Ilnd,  n.  pp.  176,-7,-9.  Came,  Ibid,  li.  pp.  337,— 9,— 42, 
— 3, — 4.     Hen  wood,  Ibid,  Y.  pp.  12,  20,  56. 

At  40  fathoms  below  the  sea  in  Botallack  a  small  quantity  of  clear  fresh  water 
oosed  out  of  the  rock  at  one  spot,  whilst  all  the  water  around  it  was  salt.  As  long 
as  it  lasted  the  miners  collected  it  for  drinking ;  but  it  disappeared  in  course  of 
working  the  mine.— Forbes,  Cornwall  GeoL  Trans.,  u.  p.  177. 

•fArUe,  p.  535. 
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Notices  of  Copper  Mines  in  Ireland. 

The  ores  of  copper  occur  in  many  parts  of  Ireland  ; 
but  they  have  never  been  wrought  to  advantage  except 
in  rocks  of  the  Silurian,*  f  ^^^  ^^  Sandstone,;]:  and 
Devonian,  or  Carboniferous,^  periods ;  in  the  counties 
of  Wicklow,*  Waterford,t  Kerry ,J  and  Cork.§ 

The  copper-bearing  rocks  of 

Wicklow, 
— which  have  been  more  extensively  mined  than  those 
in  any  other  part  of  Ireland, — stretch  from  Kilmacow, 
across  the  deep  Vale  of  Ovoca,  to  the  Aughrim  river,  H 

•  Smyth,  Beeordt  of  the  School  of  MinM,  x.  p.  870. 

t  Juket  ft  Da  Noyer,  EscpUtnatum  to  accon^pany  Sheets  167,  168, 178,  ^  179 
of  the  M€gM,  and  Sheet  13  of  the  Longitudinal  Seetiont  of  the  Qeologieol  Suney 
of  Ireland,  pp.  59,  82.  Jukes,  Quarterly  Journal  of  the  Geological  Society  of 
London,  xxii.  pp.  323^4. 

t  Griffith,  General  Map  of  Ireland  to  aecompang  the  Beport  of  the  BaHwag 
Commiesumere,  Haughton,  Journal  of  the  Geological  Society  of  Dublin,  ti.  p. 
206.  Jukes,  Eajdanatione  to  accompany  Sheet  184  of  the  Geological  Survey  of 
Ireland,  pp.  24—5,  37. 

%  Griffith,  General  Map  <^  Ireland  to  aeeompany  the  Report  of  the  Baihoay 
Commieeionere.  Haughton,  Journal  of  the  Geological  Society  of  Dublin^  tz.  p. 
227.  Jukes,  Kinahas,  Wynne,  &  Smyth,  Eaiplanatione  to  accon^any  Sheets 
191,  197,  ^  198  of  the  Geological  Surf>ey  of  Ireland,  pp.  7,  20,  30.  Jukes,  Notes 
for  a  comparison  between  the  Rocks  of  the  South  West  of  Ireland,  and  those  of 
North  Devon,  and  Rhenish  Prussia,  p.  16. 

Q  **  Les  mines  de  ouiTre  ont  M  reconnues  dans  nne  6tendue  de  7  milles  d* 
Ireland  (euTiron  14  kilometres  4-10)  (3)  du  nord-est,  au  sud-ouest  depuis  KH- 
macr6a  jusqu'  k  la  montagne  de  Bally  Coage." 

Journal  des  Mines,  No.  xvi.  (1795)  p.  80. 

"  In  the  county  of  Wicklow,  the  metalliferous  day  slate  district  occupies  but 
a  small  space,  being  very  narrow  in  breadth,  and  in  length  not  more  than  ten 
miles,  extending  from  Croghan  Kinshela  on  the  south,  through  the  townlands  of 
Knocknamohil  and  Ballymoneen,  Ballymurtagh,  Ballygahan,  and  Kilcashel, 
Cronebane  and  Tigrony,  Kilmacow  and  Connery,  towards  the  West  Aston 
range  on  the  north.*'— Wbavxb,  Geol,  TVaiu.,  ▼.  pp.  207—8. 

* '  The  clay  slates  which  form  the  principal  constituent  rock  of  the  county  of 


Copper*  Mines  in  Ireland.  54 1 

some  nine  or  ten  miles  along  the  beds  of  slate,  which 
range  from  north-east  to  south-west,*  and  dip  towards 
the  south-east 

Towards  the  north-west  certain  inferior  members  of 
the  metaUiferous  series  are  interlaid  by  granular  beds 
of  felspar  and  hornblende.  These  are  succeeded  by 
mottled,  pale-blue  and  white,  fissile  slates,  thinly 
sprinkled  with  minute  crystals  of  iron-pyrites.  The 
principal  portions  of  the  formation  consist,  however, 
of  homogeneous,  dark-blue  and  variegated  clay-slate, 
of  silky  lustre ;  often  thinly  cloven  near  the  surface,  but 
always  of  thick-lamellar  structure  at  greater  depths.t 
This  sometimes  alternates  with  thin  layers  of  slightly- 
laminated,  yellowish  or  bluish-white,  argillaceous 
matter.     In  a  higher  part  of  the  system  a  few  thin. 


Wicklow  are  not,  m  a  whole,  remarkable  for  tlie  presenee  of  metallio  minerals, 
cither  diiaeminated,  or  in  velna ;  but  a  band  or  'ohannel'  of  about  600  fathomi 
in  width,  oournng  from  the  north  flank  of  Croghan  Kinihela  for  about  9  miles 
in  the  direotion  If .  40**  B.,  ezhiblu  at  interrals  a  variety  of  meuUio  ores ;  which 
being  in  oertain  spots  aooomulated  in  larger  quantities  than  elsewhere,  have 
gifen  rise  to  the  long-continued  mining  operations  in  the  Vale  of  Oroea." 

Skytk,  R$eord§  ofiM  Sek^olof  Mimm,  I.  p.  370. 
Mahon,  27U  Mkmof  WiMom^  p.  86. 

•  In  ISiO  the  magnetic  decUnatlon  at  Dublin  was  about  27^  SO*  West. 

Llotd,  Phil,  Tram.,  cxxxfz.  p.  208.    Sabzns,  Ihidt  PL  XIV. 

t  "  La  gangue  est  en  g6n6ral  Tesp^ce  de  schiste  argUeux  que  les  mineurs 
ttomment  AtA»,  et  qui  eet  tendre  et  faunelleuz,  et  I'argile,  blanche  en  quelques 
endroits,  Jaune  ou  noire  en  d'autres."— •/onmo/  diet  Mines,  No.  xrz.  p.  80. 

*'  In  the  eastern  bank  of  the  Avonmore  the  clay  slate  cont^ns  some  thin  beds 
of  homstone  and  felspar  porphyry,  and  to  the  north-west  it  rests  upon  a  thick 
bed  of  greenstone,  that  encloses  a  bed  of  roofing  slate.  Beyond  the  greenstone, 
clay  slate  reappears  In  mass :  all  these  rocks  ranging  north-east  and  south-west, 
and  dipping  65^  to  the  south-east.  •  «  • 

**  Cronebane  is  flanked  on  the  north-western  and  south-eastern  sides,  in 
Connery  and  Tigrony,  by  quarts  rock  which  varies  from  granular  to  compael 
splintery,  and  abounds  in  contemporaneous  veins  of  pure  white  quarts.  The 
interval  is  occupied  in  part  by  pure  day  slate,  but  principslly  by  clay  slate  in 
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crumpled  aud  fissile  layers,  of  glossy  black  hue,  afford, 
here  and  there,  traces  of  carbonaceous  matter.  Above 
these — in  Connorree  and  Tigrony  at  least — the  clay- 
slate  graduates  into  a  massive  siliceo-felspathic  rock. 

The  planes  of  cleavage  coincide  with  the  bedding 
of  the  rocks ;  as  well  in  their  north-easterly  and  south- 
westerly direction,  as  in  their  south-easterly  dip. 


almost  eTery  stage  of  union  with  quarts  *  ^^  *  which  graduates  at  length 
into  a  substance  which  has  all  the  characters  of  hornstone  and  eTen  of  tintj 
slate,  and  these  again  pass  by  a  series  of  gradations  into  pure  clay  slate;  a 
progression  which  is  repeated  likewise  on  the  outer  flanks  of  the  quarts  rock. 
These  quartzose  Tarieties  of  clay  slate  abound  in  contemporaneous  Teina  of  pure 
quarts,  which  are  more  or  less  metalliferous.  ^  %  % 

The  clay  slate  and  quartsose  slate  contain  subordinate  beds  of  what  are 
technically  called  iofl-ground.  As  far  as  explored  they  Tary  from  three  to 
fourteen  fathoms  in  width,  and  extend  to  an  uncertain  di^jtance ;  but  some  ha^e 
been  traced  for  more  than  one  hundred  fathoms,  while  in  depth  they  generally 
beoome  more  compact  and  firm.  The  soft  ground  consists  of  tender  decomposing 
clay  slate,  varying  from  a  light  yellow  or  grey  to  a  deep  black  colour,  abounding 
in  pyritous  patches  *  #  4^  and  generally  accompanied  by  a  considerable  body 
of  greyish  or  yellowish  white  clay.  •  *  *  The  slaty  rocks  (whose  general 
rango  Is  nearly  north-east  and  south-west,  and  dip  south-east  at  an  angle  of  65^) 
are  divided  into  great  beds,  by  parallel  seams  or  joints,  which  intersect  the  in- 
elined  planes  of  the  clay  slate  at  right  angles  dipping  2ff^  towards  the  north- 
west.  These  seams  are  open  fissures,  which  sometimes  will  admit  one  or  two 
fingers,  and  at  other  times  scarcely  the  blade  of  a  knife.  In  their  progress  they 
pass  uninterruptedly  through  all  the  beds  and  contemporaneous  veins  included 
in  the  slaty  rocks,  dividing  them,  and  sometimes  producing,  as  it  were,  a  sensible 
alteration  in  their  disposition.  This  tendency  towards  a  division  into  horisontal 
beds  (independent  of  the  slaty  structure)  may  also  be  observed  in  several  parts 
of  the  district."    Wbaybb,  Geoi,  Trans.^  v.  pp.  214^16. 

"  The  slates  [in  this  neighbourhood],  which  from  the  fossils  occurring  near 
Bathdrum,  are  referred  to  the  lower  Silurian  period,  are  thinly  laminated,  and 
very  uniform  in  strike  and  dip,  though  differing  so  much  in  mineral  composition 
as  to  pass  through  many  gradations  of  argillaceous,  talcose,  felspathlc,  and 
greenstone  slate.  Considered  under  a  general  aspect,  the  homblendio  vaileties 
occur  chiefly  on  the  lower  or  *  lying  *  side  of  the  metalliferous  portion,  whilst 
the  hanging  side  is  occupied,  on  both  sides  of  the  Ovoca,  by  extensive  roughly 
bedded  masses  of  a  felstone,  or  siliceous  felspar  rook,  which  gives  rise  to  most 
of  the  precipitous  forms  between  the  Meeting  of  the  Waters  and  the  Wooden 
Bridge.*'— SxTTK,  Records  of  the  School  of  Minee^  i.  pp.  370,  408. 

Mahon,  The  Mines  of  Wickhw,  pp.  36,  75. 
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The  most  noteworthy  portion  of  the  formation,  how- 
ever, is  (the  Sulphur-course)  a  metalliferous  band, 
which — with  few  interruptions — conforms,  in  both 
bearing  and  inclination,  to  the  schistose  structure  of 
the  adjoining  strata.* 


^  '*  In  [the]  soft  ground  are  oontalned  one  or  more  layers  parallel  to  eaoh  other 
of  copper  pyritety  or  mere  iron  pyritee,  rarying  in  tfaiokneei,  and  sometimes 
acquiring  a  breadth  of  several  fathoms*  *  «  *  Thin  parallel  layers  of  ore 
are  interstratiied  wiOi  the  olay-slate/'^WBAYBB,  O0OI.  Dratu.,  t.  pp.  215—16. 

**  The  metalUferoms  contents,  of  this  remarkable  series,  are  disposed  in  several 
groups  of  straight  lines  presenting,  with  a  singular  degree  of  parallelism  most 
of  the  oharaeteristios  of  bedded  or  stratified  masses,  such  as  their  oonforma- 
bOity  to  the  beds  of  the  slatsy  rock  of  tin  country,  their  freedom  from  vein- 
stone, from  '  vugs,'  and  from  erystalliaed  minerals,  their  laminated  structuro, 
and  the  gradual  blending,  in  most  cases,  of  their  ores  with  the  adjoining  strata. 
Yet  «  <•  «  they  appear  to  cut  ncrosf  the  tirikB  of  certain  beds." 

SxTTB,  Becordt  of  the  School  of  Minee,  L  p.  892. 

"  In  the  Ovoca  district  the  bed-like  appearance  of  the  sulphur-course  is  com* 
plete."— Mahon,  The  Minee  of  WieMow,  p.  78. 

"Throughout  its  range  the  sulphur-course  has  the  same  underlie  as  the 
cleavage-planes  of  the  day-slate  a^oining  it." 

John  Hodob,  Esq.,  Superintendent  of  the  BaUymurtagh  Mines,  H8S. 

"  IiCs  pyrites  [de  Fahlun]  sont  tr&s  varices;  il  en  est  qui  sont  tr^riches  en 
cnivre,  avec  uugrain  ti^s-fln  et  serr6 ;  d'autres  qui  sont  purement  martiales, 
encore  qui  contiennent  du  fer  et  du  cuivre,  et  qui  out  stelae,  on  plut6t  d'une 
.  configuration  schlsteuscy  comme  le  eeKere  avec  lequel  elles  sont  mdl6es." 

Jabs,  Voyagee  MHatturgigueef  in.  pp.  84,— 7* 

**  Le  terrain  de  transition  des  environs  de  Christiania  se  compose  g6n6ralement 
de  schiste  argOeuz,  quelquefois  alunif^re,  de  calcaire  et  de  grauwacke.  Des 
massifii  de  granite  et  de  syenite  s'el^vent  an  milieu  de  ce  terrain.  •  •  « 
Loin  du  granite  et  de  la  sy£q^e,  les  couches  de  transition  ne  renferment  guire 
d'autre  mineral  m^talliqne  que  la  pyrite  de  fer ;  mais  en  g6n^l,  des  qu'elles 
s'spprochent  du  granite,  elles  aequiirent  des  charact^res  particuUers.  •  •  • 
C'est  aussi  pr6cistoent  k  la  jonction  du  terrain  de  transition  avec  les  roches 
plutoniqoes,  que  se  trouvent  des  nombreuz  amas  m6tallif%res,  •  •  •  .  Oes 
amas,  de  forme  tout  k  fait  irr^uliire  s'^tendent  tantdt  dans  la  roche  plutonique, 
tant6t,  et  plus  fr£quemment,^ns  le  terrain  de  transition:  dans  ce  dernier  cas, 
ils  s'allongent  ordinairement  dans  le  sens  des  couches." 

DAUBute,  Annalee  dee  Minee,  4me  S6r{e,  zv.  pp.  232—8. 

The  mines  of  Rio  Tinto,  about  twelve  leagues  west  of  Seville,  are  wrought  in 
a  formation  of  day-slate  traversed  by  dykes  of  porphyry,  and  it  is  near  the  con- 
tact of  the  schist  and  porphyry  that  the  deposits  of  ore  generally  occur.  The 
strike  of  the  slates  if  from  east  to  west,  and  the  dip  (except  where  disturbed  by 
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Its  width  varies  from  about  six  *   to  more  than 
seventy  f  feet. 


cruptiTe  rocks)  north,  the  angle  Tarying  hut  little  from  the  Tertieal.  The 
of  mineral  are  aenally  lenticular,  and  have  the  came  strike  as  the  rocks  they 
traverse.  Thej  are  sometimes  entirely  imbedded  in  the  porphyry,  at  others 
entirely  in  the  slate ;  but  most  frequently  the  porphyry  forms  the  northern  wall, 
and  the  slates  the  southern  one  of  the  deposit. 

Thoka«,  Abtet  on  the  MmM  of  Rw  TuUo  (abridged),  pp.  8 — 4 ; 
Miming  tmd  Sm^Uiiig  Moffongte^i.  p.  118. 
<*  The  Baimnelsbcrg  mountain,  situate  near  Ooslar,  is  composed  of  the  three 
lowest  members  of  the  Devonian  formation  of  the  Hars— >the  Wissenhaeh  sbite, 
the  Oaktola  sUte,  and  the  Sjpwiftru  sandstone.    Here,  however,  their  ord«  is 
reversed,  the  Wissenbaeh  slate  being  the  lowest  and  the  l^pirifera  sandstone 
the  uppermost  member  of  the  series.    The  celebrated  deposit  of  pyrites  is  situ- 
ated hi  the  Wissenbaeh  slate,  which  forms  the  base  of  the  mountain,  and  which 
here  consists  of  true  clay  slate,  very  generally  used  for  roofing  purposes.    Above 
Ootlar  the  well-defined  cleavage  is,  as  a  rule,  crossed  at  an  acute  angle  by  a  not 
very  perfectly-defined  stratification.    Whilst  on  the  west  slope  of  the  Keppel 
Valley  this  divergence  between  the  cleavage  and  the  stratification  seems  to  be 
the  rule,  nothing  of  the  kind  has  been  observed  at  Bammelsberg.    There,  on  the 
contrary,  not  only  does  the  large  pyrites  deposit  generally  coincide  vrith  the 
cleavage,  but  a  sone  of  OrthocenUiUB  and  OoniatUes  found  under  the  pyrites 
is  also  parallel  to  the  cleavage.    It  is  therefore  probable  that  in  the  Rammels- 
berg,  as  far  as  it  consists  of  Wissenbaeh  slate,  the  cleavage  and  stratification 
coincide.    «  •  •    The  body  of  ore  strikes  between  hours  4  and  5  (E.  15*^ — 30° 
N.)  and  its  dip  varies,  but  is  mostly  at  an  angle  of  45®  S.8.E.    Its  length  on  the 
line  of  its  direction  also  varies,  and  decreases  in  depth.    The  width  of  the  un- 
divided mass  is  reckoned  from  35  to  40  fathoms ;  but  at  a  depth  of  62  fathoms, 
it  separates  into  two  branches,  one  of  which  wedges  out  at  a  depth  of  82  fathoms 
in  the  hangin^'Wdll,  whilst  the  principal  hranch,  on  the  foot-waU,  goes  to  a  greater 
depth."— Von  Ootta,  Berg-md  Hutten,  Zeit,  No.  45, 1864.  Mining  and  Smelting 
Uagamne^  tii.  (1865),  pp.  151^4. 

Henwood,  ComtoaU  Geol,  Trant,,  yi.p.  144;  Landon,  Edinb/wrgk^  and  DuUin 
PhU.  Mag^  drd  Series,  xxv»  p.  844;  AnU,  pp.  IST,  207. 

•  TahU  XVJIL 

t "  There  occurred  [in  Connaryj,  some  years  ago,  a  *  bunch '  of  ore  72  feet  in 
width."— Smtth,  Records  of  the  School  of  Mines,  z.  p.  383. 

"  Unquestionably  the  most  remarkable  lode  [ia  Ballymurtagh]  now,  is  the 
'  Great  North  Lode.'  On  the  surface  of  the  hill  *  •  «  appears  a  large  bed  of 
gossan,  composed  of  brown  haematite  iron,  which  reaches  the  enormous  width 
of  100  feet.  This  gossan,  which  is  an  excellent  iron  ore  52  per  cent,  produce, 
worth  15«.  or  16s.  per  ton,  has  been  worked  as  a  quarry.   ♦  #  # 

*'  At  the  eighteen-fathom  level  the  '  Pond  lode '  is  found  to  be  seventy  feet 
wide."  Mahoh,  The  Mines  of  Wicklow,  pp.  51—2. 
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Earthy  brown  iron-ore,  sparingly  interfoliated  with 
slate,  is  its  chief  ingredient  to  a  depth — of  seven 
fathoms  at  Cannorree^  on  the  N.E. ; — of  a  few  feet  in 
one  bed  but  of  sixteen  fathoms  in  another  at  Bally- 
fnurtagh'\  on  the  8.W.; — and  still  deeper  at  Crone* 
baneX  iQi<lway  between  Connorree  and  Ballymurtagh. 

In,  and  immediately  beneath,  the  (gossan)  earthy 
brown  iron-ore,  towards  the  N.E.,  small  quantities  of 
galena  are,  now  and  then,  associated  with  minute 
proportions  of  silver,  and  sometimes  mixed  with  either 
blende,  the  sulphuret  of  antimony,  earthy  black  copper- 
ore,  vitreous  copper,  copper-pyrites,  or  iron-pyrites,§ 

•  TiAh  xrirr. 

t  **  The  Solphar-courae  afforded  large  quantities  of  yellow  eopper^ore  doM  to 
the  aurface  in  BaUffmwrtagh  and  BaUygahan;  bnt  the  hack  of  our  Great  North 
Sulphur-course,  for  about  sixteen  fathoms  in  depth,  is  composed  of  the  peroxide 
of  iron." — John  Hodob,  Esq.,  MSS. 

I  <*  In  some  parts  of  its  course  this  bed  did  not  produce  copper  ore  till  nearlj 
at  the  depth  of  forty  fathoms  from  the  surface,  the  upper  part  consisting  princi- 
pally of  a  brown  indurated  oxide  of  iron."— WbAybe,  Qeol,  Tram,^  T.  p.  216. 

§  <*  In  sinking  the  shafts  at  Crone-Bawn  the  first  mineral  met  with  is  an  iron- 
stone. Beneath  this  they  arrive  at  a  lead  ore,  which  seems  mix'd  with  the  clay, 
yet  yields  a  large  quantity  of  lead  and  some  silver.  Under  this  lies  a  rich  rocky 
silver-ore,  which  sparkles  brightly,  and  yields  seventy  five  ounces  of  pure  silver 
out  of  a  ton  of  ore,  beside  a  great  quantity  of  fine  lead.  Having  pierced  some 
fathoms  thro'  this,  they  arrive  at  the  copper  ore,  which  is  very  rich." 

Hbnbt,  Phil,  Trans,,  xlyii.  (1761—2),  p.  501. 

«  Connery  contains  a  bed  of  ore  about  four  feet  thick,  consisting  of  a  fine 
grained  intermixture  of  galena,  grey  ore  of  antimony,  and  blende,  with  pyrites 
of  copper,  iron,  and  arsenic.  •  «  •  A  similar  compound  occurs  in  the  •  •  • 
upper  [part  of]  Cronebane." — Wbatbb,  Oiol,  TVwm.,  t.  p.  215. 

A  newly  discovered  lode,  or  bed  of  sulphur  ore,  in  the  Ballymurtagh  district, 
contained  a  massive  mineral,  of  leaden  colour  with  a  tinge  of  brown.    Its  specific 
gravity  was  4*4065;  but  it  exhibited  numerous  intermixed  particles  of  yellow 
iron  pyrites. 
On  its  analysis  the  following  results  were  obtained  :^- 

Bisulphuret  of  Iron, Fe  £f2, 24*92 

Sulphuret  of  Iron Fe  S 9'33 

Sulphuret  of  Lead P6  S,    19-13 

Sulphuret  of  Zinc,     ........  Zn 8,     46-62 

100« 
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and,  as  in  other  places  under  similar  condiciaos,* 
occasionally  with  more  than  one  of  them.  At  gpreater 
depths,  the  brown  ore  is,  in  some  measure,  replaced  by 
argillaceous  matter,  and  yet  deeper  the  ores  of  lead, 
zinc,  and  antimony  gradually  disappear.f  Still  down- 


Nagteetlng  the  iron  pyritat,  wUdi  to  oMoiifly  a  nwehMiiMl  iiit«ndsctvr»,  th« 
ntidiul  oonititae&ti  an  very  Moiinttely  expressed  bj  the  fommlB 

JFVS  4- PtS  +  62fiS. 
Ap?ohv,  Jimmal  qf  <Ae  QmiL  Soe,  ^  DMm,  t.  p.  IM  (Abatnet). 

**  At  Berggieih&bel  in  Sezony,  depoeiu  of  thto  order,  oonteining  magaetie  iron, 
oopper  ores,  lino  blende,  galena,  with  garnet,  qnarta,  fte.,  follow  very  laguleity 
the  strike  and  dip  of  the  enTironing  elay-slatee,  the  latter  vazying  firana  VS^  to 
00^  to  the  north*east.  Near  the  snrfaoe  were  found  in  plaoe  of  the  abors^  red 
and  brown  ores  of  iron,  with  barytas." 

SMjtEf  R§eordi  <if  the  School  vf  Jlinst,  i.  p.  893* 

Aaalyief  of  ores  flrom  Cwmwvm  and  [of  blne-etone  Ihnn]  the  Pory'e 


Lead  •••••••• 

BUrer 

Zlno    •••••••• 

Copper    r«  •  •  •  • 

Ir<m    •••••••• 

Sulphur  •••••• 

8Uex  

Water  and  loss 


18*     

ir-  !!ir.!l 

6*1 

16* 

•  atraoe. 

84-8 

,        1-5 

21«     

11.9 

872 

8«    

29-8 

«.      , 7- 

2-7 

100*  100* 

MSa  of  the  late  Pxboital  Nortoh  JokhboVi  Eso.,  F.R.8.,  F.G.S. 
•  **  Dans  la  eontr^e  de  Christisnia  •  •  •  on  y  a  trouT6  les  subatan 


mlnteles  suifantes :  fer  ozydnl6,  far  pyriteux,  galine  argentiare,  blende,  pyzite 
de  euirre,  oobalt  gris,  fer  arsenioal,  bismuth  sulfM,  molybd^ne  sulfiir6y  oobalt 
oxyd^,  Ao."— DAUBEfti,  AmvmIm  dea  JfaTttMS,  4nie  S^rie,  xr.  p.  288. 

•*  The  ore  [of  Rio  Unto]  to  essentially  iron  pyrites,  but  to  aoeompanied  by  a 
small  per-eentage  of  eopper  pyrites  and  some  silez,  say  one  or  two  per  oenU ; 
galena  and  blende  are  atoo  found  in  small  quantities/' 

Thoxab,  Notoiontho  Minoa  of  Bio  21mlb,p.  4. 
*<  At  Bsmmetoberg  the  mass  of  the  deposit  oonstoti  of  sulphur  pyrites,  with 
but  a  small  admixture  of  oopper  pyrites.    In  some  looalities,  howoTor,  oopper 
pyrites,  galena,  and  blende  are  frequent;  sometimes  even  predominating,'* 

VoM  COTTA,  Bery^Mnd  HutUn,  Zeit.  No.  45, 1864.    Mumi^  wd  SmoUmg 
MagoMino,  yxi.  (1865),  p.  167. 

tiifi<s,p.  545,  Note|. 


usai 
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iroid  the  earthy  black  copper-ore  is  mostly  determined 
towards  the  (foot-wall)  N.W.,  whilst  the  iron-pyrites 
generally  approaches  the  (hanging-wall)  S.E.  side.* 
^t  the  deepest  point  hitherto  attained  in  this  direction, 
however,  iron-pyrites  and  slaty  clay  prevail  for  the 
entire  width ;  but,  notwithstanding  small  masses  and 
short  narrow  veins  of  copper-pyrites  occur  at  intervals, 
— all  trace  of  separate  bedding  has  disappeared.^ 

Towards  the  S.W.  earthy  brown  iron-ore  forms  a 
crust,  of  inconsiderable  thickness,  on  the  surface  of  the 
Sulpkur-course ;  f   but  at  a  distance  of  one  hundred 


•  Tahh  XVIJL 

On  the  Salphar-eoune  the  peroxide  of  iron  dliappears  within  a  few  feet  of 
the  inrfiftee ;  but  on  the  Great  North  Snlphnr-ooane — a  parallel  bed,  abont  one 
hundred  and  twenty-flfe  fathonui  distant,  towards  the  N.  W« — it  has  been  largely 
worked  to  a  depth  of  sixteen  fathoms.  The  oxide  iron  oferlies  yellow  eopper* 
ore  mixed  with  iron  pyrites  in  the  former,  and  iron  pyrites  sprinkled  and  Toined 
with  yellow  oopper  ore  in  the  latter;  but  earthy  black  eopperore  has  been  of 
rare  oeenrrence  in  Ballymurtagh  and  Ballygahan. 

John  HoDOB,  Esq.,  M8S.  (Abridged.) 

**  The  back  of  the  north  lode  is  characterised  by  a  bed  of  brown  hnmatitei 
of  which  an  average  specimen  gaTc— > 

Peroxide  of  iron ••• 74*87 

Clay  and  Silica    ••...••• •••     11* 

Water    •••.••• r...     14*12 

Volatile  matter  and  loss    •      0*51 

lOO*  " 

Havostoit,  Jcunuil  ofikt  Q$oL  8oe,  o/DMiH,  y.  p.  28h 

t  At  Ballymurtagh  **  the  surface  has  been  marked  by  huge  projecting  masses 
of  '  gossan '  or  hydrous  peroxide  of  iron.  •  •  •  The  great  metalliferous 
deposit  •  •  •  consists,  at  a  small  depth  from  the  surfftccy  of  12  feet  in  width 
of  granular  iron  pyrites,  of  a  pale  colour,  altogether  free  from  ganguc  or  Tcin- 
Btone.  •  •  • 

**  About  120  fathoms  to  the  north  of  the  principal  vein,  large  masses  of 
'  gossan '  composed  chiefly  of  fragments  of  slatey  rock  cemented  by  brown  ox- 
ide of  iron,  had  long  ago  induced  the  commencement  of  mining  operations.  It 
is,  how«ver,  only  within  the  last  three  yearii  that  more  eiBdent  trials  hafc  beeft 
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and  twenty-five  fathoms  on  the  N.W.  the  Great  North 
Sulphur-course — a  parallel  band  of  great  width  yet 
unrecognized  in  other  parts  of  the  district — is  rich  in 
the  same  mineral,  to  a  depth  of  sixteen  fathoms.* 
Earthy  black  ore — of  which  gossan  is  an  ordinary 
matrix,  as'  well  in  many  another  copper  region  f  as  iQ 
the  N.E.  of  this — is  an  uncommon  ingredient  in  the 
S.W. ;  whilst  of  vitreous  copper,  galena,  grey  antimony, 
and  blende,  which  had  been  sometimes  obtained  in 
Connarree  and  JSast  Cronebane^  no  trace  has  been  yet 
discovered  at  either  BaUymurtagh  or  Ballygahan. 
The  portions  which  immediately  succeed  the  brown 
iron-ore,  in  both  metalliferous  beds,  consist  mostly  of 
copper-pyrites  and  iron-pyrites;  but — although  the 
former  is,  perhaps,  rather  more  plentiful  in  the 
Sulphur-course  than  in  the  North-course^X — no  con- 
siderable part  of  either  is  of  uniform  composition. 
Notwithstanding  the  Great  North-course  and  vari- 

erowned  with  the  tnoeest  of  ditcoTering  a  parallel  ooaree  of  iron  pyritee  of  re- 
markable sise  and  solidity,  «  •  •  the  breadth  of  the  new  lode  aTeraging  24 
feet."  Smith,  Bewrdt  of  the  School  of  Mmet,  x.  p.  872—3. 

*<  The  lorfaoe  of  the  *  Snlphur  conne '  is  marked  with  great  masses  of '  gossan.* 
Near  the  snrfaoe  the  snlphur  is  twehe  feet  wide,  and  this  width  increases  with 
the  depth,  in  the  limit  of  about  eighty  fathoms  firom  the  surface, 

**  About  120  fathoms  north  of  the  <  Sulphur  course '  a  bed  of  *gossan '  of  100 
feet  in  width  is  succeeded,  at  between  20  and  30  fathoms  in  depth,  by  the  ordi- 
nary sulphur  ore."  Mahok,  The  Mm$$  of  Wiehhw^  p.  60. 

•  AtU$,  p.  547,  Note  f. 

t  Pryce,  Mineraloffia  Conmbtenrii,  p.  88.  Henwood,  Cornwall  Geo/.  IVans,, 
y.  p.  205.  Whitney,  Metallie  Wealth  of  the  United  Statet,  p.  322.  Ansted, 
Quarterly  Journal  of  the  Oeologieal  Society,  xix.  p.  140;  xnx.  pp.  241, — 8,-9. 

X  '*  This  formation  yields  annually  about  30,000  tons  of  iron-pyrites  containing 
about—  0*340  its  weight  of  sulphur,  and 

0*005         „  copper." 

John  Hodoe,  Esq.  (1867),  M8S. 
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ous  distant  portions  of  the  Sulphur-course  crop  out  at 
different  elevations;*  iron  and  copper  pyrites^  both 
at  Connorree  on  the  N.E.  and  at  Ballymurtagh  on  the 
S.W.,  become  predominant  ores  on  nearly  the  same 
horizon.^ 

But»  beside  the  ores  of  iron,  copper,  lead^  zinc,  and 
antimony,  traces  of  virgin  silver  and  of  native  copper 
have  been  observed  occasionally ;  and  microscopic 
particles  of  gold  are  thinly  sprinkled  through  many  — 
if  not  through  all — parts  of  both  the  Sulphur  courses. 

At  Connorree  small  proportions  of  gold  have  been 
obtained  as  well  from  silvery  lead-ore  near  the  surface, 
as  from  the  pyrites  at  greater  depths.^: 

In  East  Cronebane  shallow  parts  of  the  Sulphur- 
course  have  afforded  threads  of  auriferous  silver.§ 

At  Ballymurtagh  gold  is  associated  with  the  earthy 
brown  iron-ore  which  abounds  in  the  upper  portions 
of  both  the  Sulphur-courses;    but  the  only  reliable 

*  Th«  Su^ur<oun9  crops  out  at  Connorree  •  •  •  •  about  790  feet  above  the  sea; 

II  II  BdUymwrtagh    „    430  „ 

The  Qreat  Norths  -^^ 

SiCYTH,  Plana  and  SeeHane  of  the  Ovoea  Mines, 
t  At  Cofmorree  the  54.fai. /^/ on  the  Sm»M^^  j  ^  ^^^^,  ^^^  ^^^  ^^^^  ^^  ^^ . 


eouree 

tt  Baifymurtoffh  the  outcrop  of  the  Sulphur  I  .  .^ 

eourae - )  »      *^"  »' 

II  „  the  16-fin.  fove/ on  the  GfrMi< )  ^«iv 

North  Su^fhur-course    ..»  "      *^"  »» 


Ibid. 


t  Journal  dee  Mines,  Ko.  xyx.  (1795)  p.  82.  Smyth,  Reeorde  of  the  School  of 
Mines,  I.  p.  889.    Mahon,  The  Mines  of  Wiekhv,  p,  63.    Postea, , 

§  '*  Towards  the  middle  of  the  last  century,  a  brown  indurated  oxide  of  iron, 
which  formed  the  upper  part  of  a  metalliferous  bed  in  the  higher  grounds  of 
Cronebane,  was  found  to  contain  minutely  disseminated  native  silver,  sometimes 
in  extremely  slight  filaments,  but  generally  in  particles  quite  imperceptible  to 
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analysis  shows  that  it  averages  less  than  (O'OOOOIO  the 
weight)  one-third  of  an  ounce  to  the  ton  of  vein-stone. 
The  more  deeply-seated  pyritous  parts  of  both  forma- 
tions are  also  auriferous,  but  in  a  still  smaller  degree.* 
Earthy  matter  is  much  more  abundant  near  the 
sides  t  than  in  the  middle  of  the  Sulphur-caurse.    At 


the  eje.  The  tflver  wai  eztraeted  by  ftidon  with  leed,  and  eabeeqtLent  eapel- 
lation.  It  conteined  about  thirty  graini  of  gold  In  the  onnee  equivalent  to 
(0'0626  ite  weight)  6^  per  oent.  and  henee,  the  anriferone  eUver  eommoalj 
Bold  for  half  a  guinea  an  onnee.  Artiolee  made  from  both  the  metals  so  ex- 
traeted  are  in  the  poeseeeion  of  a  family  in  the  oounty." 

Wbatxb,  G$oL  IVmm..  t.  p.  21S. 

Smyth,  i{Mordlt^Me&Aool</JfiN«f,  z.pp.880,— 8.  ICahon,  T^JtfiMt 
^  WidUow,  pp.  67|  6S. 

^  In  1864  a  oondderable  quantity  of  ^fotfon— [oareAilly  leleeted  fhim  ahaHow 
parte  of  the  Great  North  Sidphur-eouree  in  Ballymnrtagh]  — waa  submitted  to 
operation  in  two  maehines  then  newly  iuTonted  for  washing  gold«  The  resnltt 
reported  to  have  been  obtained 


ia  the  flnt  WMhlM atthtiateof   17    It   (e<MOOt7ltiw4ght)ofcoMp«rtoa 

M     iMond    „    • „  7    It    (0-000011       •       )      •        -    t 


MM* 

The  Direetors  of  the  [Wioklow  Oopper  Mines]  Company  haying  little  oonfi- 
denoe  in  luoh  oonilioting  results  from  the  very  same  ore,  plaoed  other  samples 
of  it  in  the  hands  of  Professor  Apjohn,  H.D.,  F.B.8.,  H.B.I.A.y  of  Trinity 
College,  Dublin,  whose  analysis  showed  muoh  smaller  proportions  of  gold  thsn 
the  lowest  of  those  reported  by  the  mechanists. 

Other  experiments  were  afterwards  made  at  the  mine  under  advise  from  the 
late  ICr.  STan  Hopkins,  F.O.a,,  but  the  reeulti  obtained  were  eren  smaller  than 
thoie  of  Professor  Apjohn.  •  •  • 

Gold  is  sprinkled  through  the  iron»pyrites  in  both  the  Sulphur-eouises;  but 
the  proportion  is  even  smaller  than  in  Uie  goesan.  •  •  • 

Josy  HoDon,  Esq.,  HSS.  (Abridged.) 

t "  The  pyrites  does  not  appear  to  oeeur  in  a  regular  lode  or  Tein  with  deflaits 
walls,  but  to  be  difiueed  through  the  slate  whieh  forms  ths  country  in  beds,  whieh 
are  stratified  conformably  with  the  slate  itself;  It  does  not  ooeur  pure,  but  isti- 
mately  mixed  with  the  slate.*' 

HAvoaroir,  Journal  of  ihs  Otol  8oe.  qf  DMSn,  t.  p«880. 

'<  The  great  metalliferous  formation  •  •  •  [is]  not  bounded  liy  distiaet 
walls,  but  ceases  by  gradual  interlamlnation  with  the  clay-slate.  %  %  % 

*'  A  large  proportion  of  pyrites  is  left  unworked,  in  consequenoe  of  its  being 
too  much  mingled  with  other  substances  to  be  ayailable  by  the  prooeeees  at 
present  employed«"~SimHy  Sdemh  qf  thi  Sekooiqf  Mm$t,  x.  pp.  372^*91. 
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intervals,  however,  slices  (horses^)  of  clay-slate,  oc- 
casionally many  fathoms  in  length  and  height,  but 
often  merely  a  few  incheSyf  though  sometimes  several 
feet,  in  thickness, — as  at  Bunna  in  Kumaon,  j;  Morro 
Velho  §  in  Brazil,  and  at  the  Buckingham,\\  as  well  as 
at  the  Garnett  and  Moseletfj^  mines  in  Virginia—- 
interlie  the  ore,**  but  such  subordinate  layers  often  en- 
close crystalline  granules  of  the  neighbouring  minerals. 
Several  well-marked  lines  of  structure  divide  the 
metalliferous  deposit  into  slightly  undulating  beds 
(co»i6«tt)>  somewhat  diflfering — but  rarely  exceeding 
a  foot — in  thickness.  In  each  of  these — as  in  the 
formation  generally — the  argillaceous  ingredients  are 
less  plentiful  near  the  middle  than  towards  the  sides. 
To  certain  depths  much  of  the  ore — like  the  rock 
which  alternates  with  it — is  so  fissile  that— even  in 
course  of  extraction — it  cleaves  into  plates  no  thicker 

'   ■  ■       '  '  III  I  I  I  ■  .  y 

•  Henwood,  Comvaii  Oeol,  2VeifM.,  T.  pp.  211, — 29. 

t "  At  Ballymartagh  #  «  #  extensive  workings  carried  on  by  the  '  old  men ' 
OTk  the  eopper  lode  were  divided  #  «  #  by  lamine  of  slates  #  ♦  •  only  a  few 
inches  thick  from  ezcayations  in  progress  on  the  '  sulphur- course/  where  the 
latter  was  very  wide."— Sxyth,  Recorda  of  the  School  of  Mines,  i.  p.  376,  Fig, 
12.— Mahon,  The  Mines  of  Wickhw,  p.  02.     Table  XVIII. 

X  Ante,  p.  20. 

i  Ibid,  p.  191. 

I  Ibid,  p.  378. 

t  Ibid,  p.  381. 

•*  Table  XVIIL 

tt  Fryce,  Mineralopia  Comubieneis,  p.  95,  Werner,  New  Theory  of  the 
formation  of  Veins,  p.  83.  Weaver,  Geol,  Trans^,  v.  p.  215.  Fox,  Report  of 
the  ttoyal  CormeaU  Polytechnic  Society,  it.  p.  89.  De  la  Beche,  Report  of  the 
Geology  of  Cornwall,  &c.,  p.  339.  Henwood,  Cornwall  OeoL  Ihins.,  T.  p.  179, 
201 ;  Ante,  pp.  85,  433,— -68.  Daubr^e,  Annales  dea  Mines,  4me  S4rie,  xv.  p. 
238.  Smyth,  Records  qf  the  School  of  Mifies,  i.  p.  383.  Mahon,  The  Mines  qf 
Wickhw,  p.  61. 
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than  roofing-slates,*  and  exfoliates  on  the  alighest 
exposure;  but  still  deeper  this  character  gradually 
disappears-t  The  confronting  sides  of  many  longi- 
tudinal partings  —  although  often  uneven  —  present 
scored,  but  glossy,  faces  of  (flucan)  unctuous  clay. 
Of  the  stri®  short  portions  may  be,  here  and  there, 
straight  and  parallel ;  but  for  the  most  part  they  are 
crooked  and  divergent.  On  opposite  sides  of  the 
same  beds,  indeed,  they  dip,  not  only  at  divers  angles, 


*  **  The  tulphiir-ore  of  OToca  it  easily  split  into  slices  as  large  and  thiii  as 
the  best  Cornish  roofing-slates ;  their  planes  of  cleaTage  eoinctding,  in  both  dip 
and  direction,  with  those  of  the  adjoining  (ComUry)  slate-rocks." — HbnwooDi 
Proceedinpt  of  th$  Royal  Gsologieal  SocUiy  of  ComwaUt  9th  Oct.,  1S40;  Wut 
Briton,  16th  Oct.,  1840 ;  Mining  Journal,  24th  Oct.,  1840. 

*<  It  may  even  be  remarked  of  the  masses  or  '  cobs '  of  ore  brought  to  the 
surface,  that  when  strnck  with  a  hammer  they  have  no  tendency  to  break  with 
the  usual  fracture  %  %  %  but  split  in  the  direction  of  the  lamination." 

Smtth,  Reoordi  of  the  School  of  Mines,  i.  p.  872. 

"  In  the  Ovoca  district  the  •  •  •  ore  does  not  break  with  the  fracture  of 
ordinary  copper  or  iron-pyrites,  but  splits  up  like  any  other  tough  schist ;  It  has 
quite  a  differcntappearance  when  looked  at  along  the  plane  of  the  bedding,  or 
across  that  plane,  and  the  richest  qualities  pass  gradually,  and  by  imperceptible 
changes,  Jlrtt,  into  a  pyrites  conUining  more  schisty  matter ;  eeamd,  into  what 
is  called  by  the  miners  a  tulphwy  kilfae,  containing  perhaps  60  per  cent  of 
pyrites ;  and  Uutly,  into  schist,  impregnated  with  less  and  less  sulphur,  until 
finally  that  mineral  disappears." — Mabon,  The  Mines  q/"  Wickloto,  p.  73. 

''At  Rammelsberg  the  deposit  of  sulphur  pyrites  •  •  •  seems  in  reality  to 
consist  of  several  more  or  less  lenticular  agglomerations  separated  one  from 
another  by  thin  strata  of  slate.  «  •  «  Ihe  general  parallelism  of  the  masses 
of  ore  with  the  cleavage  and  stratification  [of  the  rock]  is  in  favour  of  their 
contemporaneous  origin,  as  well  as  their  inner  texture,  for  in  the  compactness  of 
the  pyrites  there  is  very  generally  to  be  observed  a  distinct  layer-like  arrange- 
ment, running  parallel  with  the  cleavage  and  stratification.  •  ♦  • 

*'  The  pyrites  deposit  of  the  Rammelsberg  is  by  no  means  a  soliury  instance. 
There,  are,  on  the  contrary  similar  deposits  at  Agordo,  SchmoUnitt,  and  Fahlun." 

Vow  CoTTA  (Berg-und  EuUen,  Zeit.  No,  46,  1664),  tiining  and  Smelting 
Magazine,  tit.  pp.  166—6. 


t  Weaver,  Geol.  Trans,  v.  p.  214.    Ante,  p.  641. 
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but  sometimes  towards  different  points  of  t)ie  compass.* 
Notwithstanding  small  local  flexures, — the  Sulphur- 
course^ — the  layers  of  slate  which  interlie  it, —  the 
subordinate  beds  into  which  it  is  divided, —  and  the 
slices  of  schistose  ore, — all — conforming  to  the  cleavage 
of  the  adjoining  (Country)  rocks — incline  towards  the 
S.E. 

Layers  of  pyrites,  often  less  than  an  inch  but  some- 
times a  foot  in  thickness,  accompany  the  Sulphur-course 
within  short  distances,  for  great  part  of  its  range  if  not 
throughout  the  district;'}'  but  whether  any  of  them 
represent,  in  Tigrony^  Cronehane^  and  Connorree — 
N.E.  of  the  cross-course^ — the  North  Sulphur-course 


•Henwood,  Cornwall  Geoh  TVvim.,  v.  pp.  172,-— 82,  Tablet  XVIII.  XCV,  ; 
Tii.  p.  180,  Table  Li  Ante,  pp.  269,-64,  433,-69. 

t  "  Beds  of  iron-pyritei  •  ♦  •  have  appeared  in  the  firm  elaj  slate  and 
quartsy  clay  slate,  in  the  deep  levels  of  Cronebane  and  Tigrony,  And  thin  layers 
and  slight  threads  of  copper  pyrites  and  iron  pyrites  are  very  frequent." 

Wbatbs,  GeoL  7)rana„  p.  216. 

"  At  present  five  lodes  or  beds  are  worked  on  the  Bally murtagh  mine,  parallel 

to  each  other,  and  conformable  to  the  bedding  of  the  hornblende  and  quarts 
rock  of  the  district." 

HAT7GHT0K,  Joumol  of  the  Oeohffical  Society  of  IhAlin,  t.  p.  280. 

'*  On  the  north  of  the  great  metalliferous  deposit  [in  Ballymurtagh]  to  the 
distance  of  100  fathoms,  and  on  the  south  for  20  fathoms,  parallel  veins  of  cu- 
priferous pyrites  have  been  met  with,  sometimes  very  numerously ;  but  only  in 
the  case  of  those  which  lie  within  a  distance  of  60  feet  to  the  south,  profitable 
in  extraction.  •  «  •  [Between  the  great  metalliferous  deposit  and]  %  ^t  ^ 
a  parallel  course  of  iron  pyrites  of  remarkable  sise  and  solidity  «  •  •  about 
120  fathoms  to  the  north  •  «  «  two  intermediate  lodes  have  been  discovered, 
one  of  which  offers  a  good  width  of  iron  pyrites  with  1|  per  cent,  of  copper,  and 
occasional  ribs  of  higher  produce." 

Smtth,  Records  of  the  School  of  Mines,  I.  p.  372—4.  (Abstract.) 

**  In  Ballygahan  %  %  %  the  coppery  rib  of  the  pyrites  deposit  •  •  «  is 
succeeded  at  9  fathoms  farther  south  by  the  '  main  lode,'  (which  above  the  adit 
level  has  also  a  <  north  branch'),  at  2  fathoms  again  by  '  Barry's  lode/  and  at  2 
fathoms  further  by  *  Tuke's  lode.'  "^Ibid,  p.  376. 

'*  On  the  eastern  side  of  the  Ovoca,  at  the  mines  of  Tigroney  and  Lower 


\ 

I 

I 
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Mrhich  has  been,  hitherto,  wrought  only  at  Ballymur- 
tagh-^^n  the  S.W. — is  yet  unknown.* 

A  few,  comparatively  narrow,  ranges  of  vein-stone — 
resembling  beds  in  some,  but  lodes  in  other,  respects, 
yet  possessing  certain  characters  common  to  both — 
maintain  the  same  direction  as  the  laminse  of  {Country) 
slate,  but  differ  from  them,  and  sometimes  indeed  from 
one  another,  iudip;t  whilst  certain — hardly, parallel 
veins,  of  similar  composition,  are  oblique  to  them  as 
well  in  bearing  %  as  in  underlie.   Those  which  comply 


Cronebane,  the  beds  of  deoomposing  and  Tarioatlj  coloured  slates,  together  with 
the  '  sulphur  course '  and  the  '  copper  lodes '  ou  the  south,  are  evidentlj  the 
continuation  of  the  deposits  of  Ballygahan." 

SscTTH,  Recordi  qf  the  School  of  Mmei,  i.  p.  878. 

**  At  Connary  •  •  •  Beveral  irregular  copper  lodes  occur  on  the  south,  all 
confined  to  the  sillcio-felspathic  rock." — Ibid^  p.  384. 

Jownal  dei  Iftnes,  No.  xti.  (1795)  p.  81.  Mahon,  The  Minee  ^f  Wiekhw, 
pp.  40,  55,-8, 62. 

*  **  It  is  hj  no  means  uncommon  for  lodee  to  split  directly  at  the  point  of  their 
intersection  by  a  crou-oourse  or  flucan,  on  one  side  of  which  the  lode  appears  in 
two  brtmchei,  whilst,  on  the  opposite,  but  one  branch  occurs." 

Hbnwood,  ComwaU  QeoL  Tranent  T.  p.  176. 

t  **  In  Cronebane  several  contemporaneous  yeins  of  quarts  «  «  •  mostly 
range  and  dip  with  the  clay  slate,  ramifying  in  their  extremities  through  the  rock ; 
or  sometimes  coalescing  again,  they  form  a  considerable  body,  •  «  •  ,  There 
are  several  small  ones  of  this  description  in  Upper  Cronebane,  and  in  the  lower 
mine  there  are  six  in  the  vicinity  of  the  Copse  and  Boundary  shafts,  and  two  in 
that  of  the  Farmer's  shaft."— Wbaybb,  GeoU  ZVoim.,  y.  p.  216. 

T<Me  XVIIL 

X  "  The  most  remarkable  of  the  secondary  veins  is,  first,  the  *  Magpie '  running 
N.W.  &  S.E.,  4  to  8  feet  wide,  and  producing  copper  pyrites  and  also  natiTC 
copper  in  quarts;  secondly  the  *  yellow  ore  vein/  coursing  from  B.S.E.  to 
W.N.W.,  varying  from  18  to  20  inches  in  width,  and  affording  copper  pyrites  in 
a  gangue  of  quarts  and  killas  ;  the  third  is  the  '  copse  north  vein,'  which  runs 
N.  &  S.,  is  8  to  24  inches  wide,  and  contains  the  same  minerals  as  the  last; 
fourth,  the  '  copse  south  vein,'  with  a  width  of  18  to  86  inches,  and  similar  ores. 
The  two  last  are  supposed  to  form  a  junction  with  the  principal  lode  on  the 
S.W.y  where  it  was  found  accompanied  by  a  parallel  vein  which  appeared  to  be 
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with  the  first  conditions  can,  of  course,  meet  on  their 
lines  of  inclination  only ;  *  whilst  such  as  scarcely 
coincide  in  either  their  direction  or  their  dip,— 4>earing 
generally  a  few  degrees  N.  of  E. — S.  of  W.  and  in- 
clining at  somewhat  different  angles  towards  the  S.,*^ 
not  only  interfere  with  each  other  in  both  their  strike 
and  underlie, t  but — slightly  converging  in  their  range 
W*:}: — approach,  and  at  length  become  incorporated 
with,  the  Sulphur-caurse.^ 

The  subordinate  beds  and  side-lodes — ^marked  with 
a  family  likeness  to  the  Sulphur-course  —  enclose 
conformable  layers  of  slate,  beside  small  quantities 
of — occasionally  granular — quartz,  spotted  sometimes 
with  chlorite, II  and — less  frequently — with  calcareous 


on  the  line  of  their  prolongatios." 

Jownal  de8  Mine$,  No.  XTi.  (1795),  p.  81  (Translation).    Sxtth,  Rseordi 
ofih$  School  o/Minetf  i.  p.  889.    Mahon,  T%e  Minei  of  Wieklow,  p«  72. 

*  Haughton  Journal  of  ths  Qeologiodl  SocUiy  of  Dublin^  t.  p.  281.  Smyth, 
2Ueord9  of  the  School  of  Mmc$t  i.  p.  372.    Pottea,  p.  557. 

t  Smyth,  Recordc  of  the  School  of  Mines,  z.  p.  373.    Pottea,  p.  666. 

I  '*  Lodea  more  frequently  iplit  aa  they  go  eastward  than  westward." 

Hbmwood,  ComtoaU  OooL  TWmt.,  y.  p.  176. 

{  Smythy  BoconU  <f  the  School  of  Mince,  i.  p.  379—80.    Poetea,  p.  666. 

I  "  Contemporaneous  veins  of  qnarts,  aeoompanied  sometimes  hy  chlorite,  oe- 
cnr  [in  Tarions  parts  of  Cronebane].*' — Wbatsb,  Qeol,  TVofis.,  y.  p.  216. 

At  Ballymnrtagh  *<  quarts  spar  •  «  •  composed  of  sugary  quarts,  presenting 
the  Tughy  appearance  which  is  considered  by  working  miners  so  Taluable  aa 
indication  *  •  •  is  of  common  occurrence." 

HAnoHTOK,  Journal  of  the  Qeol  Soc  of  Dublin,  y.  pp.  280—2. 

'*  The  copper  lode  [in  Ballymnrtagh],  although  varying  much  in  thickness  has 
none  of  the  characteristic  appearances  of  a  vein;  its  ore  is  the  •  •  •  ordinary 
copper  pyrites,  and  is  of  very  low  per-centage  owing  to  the  admixture  of  iron 
and  of  portions  of  quarts  and  talcose  or  sometimes  chloritic  slate,  nerer  occur- 
ring in  a  fragmentary  state,  but  interlaminated  sometimes  so  delicately  as  to 
appear  la  fine  films,  and  contorted  like  the  adjacent  rock«" 

Smtth,  Heoorde  of  the  School  of  Minee,  i.  p.  872. 

nil 
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matter.*  Throughout  their  range  they  contain  con- 
siderable quantities  of  iron-pyrites ;  which,  to  certain 
depths,  are  mixed  with  earthy  black  copper-ore, 
and  with  vitreous  copper  towards  the  north-east  ;t 
but  often  give  place  to  yellow  copper-ore  in  the 
central  and  south-west  parts  of  the  district.  Native 
copper:};  occurs  in  most  of  them;  but  in  minute 
proportions,  and  very  rarely.  Where  such  layers 
and  veins  unite  with  one  another  or  merge  in  the 
Sulphur-course^  whether  on  their  lines  of  bearing  § 


"  To  the  loath  of  the  Snlphur-eourse  [in  Cronehane,  end]  answering,  it  is 
supposed  to  the  South  or  copper-lode  in  B&Uymurtagh  and  Ballygahan,  are 
sereral  quarti  Teins  rich  in  eopper-pyrites,  aeoompanied  sometimes  with  beauti' 
fol  specimens  of  the  carbonatesi  and  not  unfrequently  by  chlorite." 

Mahok,  The  Mme»  of  Wicklow,  p.  5S, 

*  "  I  hare  found  also  in  the  lower  lerels  of  the  copper  lode  [at  Ballymiirtagh], 
carbonate  of  lime,  containing  a  considerable  quantity  of  magnesia.  This  occurs 
in  a  green  greasy  slate." 

HA.uoHTOir,  Journal  of  the  Qeol^  Soe,  of  DubUn,  ▼.  p.  680. 

fAnte,^.  547;  Table  XVIIL 

X  In  the  north  sulphur-lode  at  Balljmurtagh  **  a  quantity  of  natire  ooppeTi 
28  lbs.  in  weight  was  recently  found  [1853]." 

Haugbton,  Journal  of  the  Oeol  Soe.  of  Dublin,  t.  p.  281. 

At  Connary  "  the  frequent  lining  of  joints  and  cracks  by  a  film  of  crystalline 
native  copper  proTes  that  anogenio  chemical  action,  or  that  which  proceeds  down- 
wards firom  the  surface,  has  been  rife  CTen  to  a  great  depth."— Sktth,  Btetarde 
of  the  Sehodof  Minee,  i.  p.  384. 

Table  XVIIL 

j  *'  In  Cronebane  sereral  contemporaneous  reins  of  quvts  bearing  rich  copper- 
pyrites,  accompanied  sometimes  eyen  by  earthy  asure  oopper  ore,  •  #  •  and 
whose  average  produce  is  ten  to  twelve  per  cent,  of  oopper,  also  occur,  and  more 
particularly  in  the  quartzes  e  slate.  •  •  •  The  union  of  several  such  form  a 
considerable  body,  even  twelve  feet  wide  of  vein,  and  four  or  five  feet  wide  of 
solid  ore ;  but  they  seldom  continue  productive  for  more  than  thirty  fathoms  in 
length.— Wbaybb,  Geoh  TroM^,  t.  p.  216. 

In  Cronebane  "  the  first '  oopper  lode  '  is  sometimes  interrupted  by  a  cross- 
deposit  of  limited  length  which  appears  to  stop  it  for  a  time  on  its  line  of  strike. 

•  «  *  The  ore  in  general  only  produces  from  4  to  8  and  rarely  10  per  cent. 

*  *  4t  C^ut]  such  *  T's,'  as  they  are  called  by  the  miner,  «  •  •  yield  for  a 
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or  dip,*  they  commoDly  yield  copper-pyrites  on  both 
«des  of  the  contact.  Such  bodies  of  ore — often  several 
feet  in  thickness  and  sometimes  many  fathoms  in  length 
and  height — mostly  yield  a  larger  per-centage  of  metal 
than  the  smaller  bunches  which  are  imbedded  in,  and 
more  or  less  mixed  with,  sulphur-ore. 

The  Sulphur-course  suffers  several  interruptions. 

S.W.  of  £ast  Cronebane  the  indications,  whether  of 
sulphur  or  of  copper  ore,  are  so  slight  and  unpromising, 
that  a  line  of  shallow  (Costean-)  pits,  and  a  single 
drift  (the  Cronebane  level),  have  been  thought  sufficient 
examination. f  The  former  extends  about  three  hun- 
dred, the  latter — with  its  flexures  and  ramifications — 
more  than  five  hundred  fathoms ;  but  neither  has  been 
wrought  for  half  a  century.     After  an  interval  of  one 


length  of  8  or  10  fathoms,  and  heighth  of  20  or  80,  •  «  •  copper  ore  of  some- 
what higher  per-centage. 

SiCTTE,  Reoordi  of  the  Sekool  of  Mines,  i.  pp.  879—80.  (Abridged.) 

At  Ballymnrtagh  "  a  ciosi-fissure,  the  sides  of  which  were  encrusted  with 
crystallised  copper  pyrites  and  quarts,  was  found  between  the  33  and  66-fathom 
leTels ;  with  a  course  nearly  at  right-angles  to  that  of  the  main  lode,  it  came  up 
to,  but  did  not  pass  its  north  wall.  «  •  *  Its  width  was  irregular ;  yet  was 
sufficient  to  enable  it  to  be  worked  '  on  tribute  *  for  some  20  fathoms  in  length." 

Ibid,  p.  378. 

*  **  In  Ballymnrtagh  *'  the  pyrites  lode  joins  the  copper  lode  at  about  the  />6 
fathom  leTcl,  below  which  there  is  only  one  lode,  which  is  worked  to  a  depth  of 
160  fathoms,  the  lower  part  being  particularly  rich  in  copper." 

Hauqhton,  Jownai  of  the  GeoL  Soc.  of  Duhlin,  T.  p.  281 . 

"  The  iron  pyrites  has  not  been  found  in  available  quantity  at  a  greater  depth 
than  100  fathoms ;  it  appears  to  grow  thinner  at  about  80  fathoms  from  the  sur- 
face, and  then  to  unite  with  the  copper  <  lodes/  as  they  are  termed,  on  the  south, 
forming  together  at  the  66-fathom  lerel  a  '  bunch '  of  copper  ore,  24  feet  in 
width.  This  vein  was  in  one  spot  by  the  addition  of  numerous  bands  of  greater 
or  less  thickness,  and  on  both  sides,  increased  to  nearly  60  feet. 

Smtth,  Becorde  of  the  School  of  Mines,  i.  p.  372. 

t  Wearer,  OeoL  Trana,  v.  PI  12,  Plan  and  Seetiont  of  the  Copper  Mines  in 
Croneiane  and  Tigrony*    Smyth,  Plan  and  Sections  of  the  Ovoca  Mines, 
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hundred  and  thirty  iathoms  the  surface-works  re- 
appear;* and  some  thirty  fathoms  N.W.— ^a  the 
(R.G. A.)  right— of  the  Cronebane  level^'f  underground- 
operations  have  extended,  with  great,  though  varying, 
success,  through  CroTiebane  and  Tigrony,  to  the  vale. 

Between  the  N.E.  boundary  of  Tigrany  and  the 
river  the  Sulphur-course  is  intersected  by  three  cross- 
(jlucans)  veins  of  slaty  clay ;  of  which 

int. 
the  first  betrt  %  about  10^  W.  of  N.—  i  dips  E.  60**  j  &  measnrei  tome  6  in  nidtk : 

B.of8.;)     -SS^^i    i 

„  second  %       „     34®  W.  of  N.—  i  dips  B.  -*  i  „  3      „        : 

B.ofS.;)    N.B.860;f 

feet 

n  third t{         „     N.— S.; dips  E.  65® »  „  12      „        . 

—70®;} 

The  Sulphur-course  is  heaved ; — 

by  the  first.  •  •  •  18  fins.  ^B.^'S.A.)  towards  the  right-hand  and  to  the  side  of  the 

smaller  angte; 

y,     second  ••    2„    (L.— G.A«)         „  left-hand  and  to  the  side  of  the 

larger  angle; 

and  it  abuts  on  the  E.  side  of  the  (great)  third  flucan  ; 
but  whether  it  is  represented  on  the  W.  by  a  broad. 


•«< Towards  the  N.B.,  beyond  the  < Mosey'  shafts,  the  strike  of  the  beds 
appears  to  ha  to  suffered  some  disturbance ;  and  their  continuity  is  somewhat 
uncertain,  since  through  a  space  of  800  feet  in  length,  no  workings  have  been 
carried  on,  with  the  exception  of  some  shallow  shafts,  long  since  filled  up." 

Butts fBecordi  of  the  Schoolof  Ifinet,!.  p.  880. 


f  "  In  West  Cronebane  the  Sulphur-cowrae  continued  rery  prodnctiTe  as  &r 
towards  the  north-east  as  the  GoTemment  Plan  shows  a  continuance  of  shallow 
pits.  At  that  spot,  howcTer,  it  abuts  on  a  joint  (Eead)  similar  to  many  found 
in  this  district.  Within  a  range  of  about  five  hundred  fathoms  many  teials  to 
recoTcr  it  hare  been  made  in  the  same  direction,  but  all  have  been  unsucceesful, 
until  Bast  Cronebane  !s  reached ;  and  eren  here  the  formation  has  not  been 
nearly  so  productiTC  as  it  was  in  West  Cronebane.'*^  John  Hodob,  Bcq.,  MSS. 

%  George  Oates,  Bsq.,  Superintendent  of  Tigrony,  Workinff-pian  qf  the  Mine^ 

i  Haughton,  Journal  of  the  Qoohgieal  Society  of  DuUm,  r.  p.  279.  Smyth. 
Iteeorde  of  the  School  qf  Mines,  r  pp.  8789—94.  Mahon,  The  Minee  qf  IFtdfclsw, 
p.  76, 
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though  comparatively  unproductive,  bed  about  seveuty- 

two  fathoms  (L.— G.A.)  towards  the  left-hand  and  the 

greater  angle/f-by  some  other  band  hitherto  unrecog-  I 

nised  on  the  S., — or  by  the  Sulphur-course  wrought 

— some  287t — 324*  fathoms,  or  even  more,§  distant — 

at  BallygahanW  in  the  same  direction  (L. — G.A.),  is 

yet  undetermined.  | 

In  Ballygahan  three  neighbouring  joints,  alike  faced 
with  clay,  bear  12"— 15"  W.  of  N.— E.  of  S.,  and— 
slightly  inclining,  at  intervals,  to  one  side  or  other — 
are,  on  the  whole,  nearly  perpendicular.  They  all 
heave  the  Sulphur^eourse ;  the  first  and  second  from 
the  N.E.,  about  three  fathoms  each  ; — the  third,  rather 
more  than  four  fathoms  at  one  level  but  to  greater 
distances  both  above  and  below  ;^  for,  owing  to  flex- 
ures, of  both  the  Sulphur-course  and  the  joints,  the 

•  Ante,  p.  658,  Notes  t§, 

t  *'  In  Tigrony  the  great  bed  of  sulphur-ore  is  rich  to  its  contact  with  the 
cross-course  or  flucan  that  runs  through  the  Talley.  With  a  Tiew  to  recoTering 
it,  beyond  this  towards  the  S.W.,  long  and  tedious  examinations  have  been  made 
on  both  sides.  All  those  on  the  right-hand  have  failed  to  find  eren  a  trace  of 
ore;  at  a  distance  of  about  seventy  fathoms  to  the  Uftf  however,  a  metalliferous 
bed  nearly  ten  fathoms  wide  has  been  discoTered,  but  hitherto  it  has  not  realised 
expectation." — John  Hodob,  Esq.,  MSS. 

X  Smyth,  Plan  and  Section  of  the  Ovoea  Minee. 

i  Smyth,  Reeordt  of  the  School  of  Mines,  i.  pp.  378,-94 ;  Ph  IL  Hahon, 
The  Mines  of  Wickkw,  p.  70. 

I  Posteot  p.  660. 

Y  «  About  16  fathoms  east  of  the  '  Blue  shaft'  [in  Ballygahan]  the  *  sulphur- 
lode  '  is  heaved  a  few  feet  to  the  north;  and  30  fathoms  farther,  two  more  dis- 
locations occur,  the  fragment  of  the  lode  being  in  each  case  about  2  fathoms 
long,  and  separated  from  the  other  part  about  3  fathoms.  Towards  the  river,  it 
seems  probable  that  the  more  considerable  disruption  takes  place,  which  heaves 
or  throws  the  beds  in  a  horisental  direction  to  the  northward,  to  Tigroney  mine." 
♦  «  «  • 

J 
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same  heaves  respectively  are  seldom  of  identical  dis- 
tances at  different  depths ;  all,  however,  are  towards 
the  left-hand^  and  to  the  side  of  the  greater  angle 

(L.  G.A.). 

Between  the  joints  and  (Jlucans)  cross-veins  which 
traverse  the  vale,  the  Sulphur-course  is  much  less 
productive*  than  in  Cronebane  and  Tigrtmy  towards 
the  N.E.,  and  in  Ballygahan  and  Balfymurtctgh  on 
the  S.W. 

Although  the  produce  of  various  mines  has  been 
differently  stated,!  Official  Returns ;]:  show  that  from 
1840  to  1866 


"  Westward  of  the  engine  shaft,  112  feet,  the  pyrites  course  is  met  with  by  a 
<  slide '  pointing  a  few  degrees  west  of  north,  and  is  heaved  to  the  south  a  dis- 
tance of  65  feet,  whilst  the  *  copper  lodes  *  appear  to  be  unmored  by  any  dislo- 
cation, and  are  thus  much  nearer  to  the  great  deposit  in  the  western,  than  in  the 
eastern  part  of  the  mine." 

Smttb,  Recordt  of  the  School  of  Mtnei,  i.  pp.  376^7. 

**  In  Ballygahan  the  flucan'head  heaves  the  Sulphur-course — 

at  the  18  fathom  level 11*4  fathoms,  to  the  left» 

80    „  18-6      „  „         ; 

^     ..  40      „  „         ; 

60     „  8  8       „  „ 

"  From  the  surface  to  the  60  fathom  level,  the  joints  are,  on  the  whole,  nearly 
Tertical/'—  Hrnst  Bobinson,  Esq.,  of  Ballygahan,  MSS  transcripts  of  the 
Working-plans. 

« In  Ballygahan  three  heade  or  joints,— which  bear  about  16^  W.  of  N.— E. 
of  S.  and  dip  sometimes  W.,  though  perhaps  more  frequently  £•,  but  are  on  the 
whole  nearly  perpendicular, — severally  heave  the  Sulphur-course  short  distances 
towards  the  left-hand." — John  Hodob,  Esq.,  MSS. 


*  "  Near  the  river  the  lodes  are  so  entirely  broken  up  by  these  heavet  as  to 
become  quite  valueless." — Mahon,  The  Mines  of  Wiekkw,  p.  56, 

'*  In  Tigrony  the  metalliferous  bed  west  of  the  Jhtean  affords  only  a  few  small 
ribs  of  sulphur  ore." — Johh  Hodob,  Esq..  MSS. 

t  Smyth,  Records  of  the  School  of  Mines,  i.  pp.  374,— 82,— 91.    Haughton, 
Journal  of  the  Geolooieal  Society  of  Dublin,  Y.  p.  284.    Mahon,  The  Mines  of 
Wicklow,  pp.  63,-4,  98. 

%  Returns  from  the  Custom  House  (of  which  those  for  1840—52  are  quotsd  by 
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105,432  tons  (Avoirdupoi9)  of  copper-ore,  and 
1,960,119     „  „  ),  iron-pyrites  (aulphur-ore), — 

beside  very  considerable  quantities  of  hematite  and 
earthy  brown  iron-ore, — have  been  exported  from  the 
district. 


Hr.  Smyth,  Reeordt  of  tk$  School  of  BUnes,  i.  p.  391 ;  and  by  Mr.  Mahon,  The 
JImef  of  IViekhw,  p.  98)  show  the  shipmenU  at  Dublin,  Wicklow,  and  Arklow 
to  hare  been— 


Tcan. 

Copper- 
ore. 

Iron 

(Salphnr 
ore). 

Totele. 

Teare. 

Copper 

ore. 

Iron 

pyritee 

(Sulphar 

ore). 

TotaL 

Tons  (ile.) 

Tone  (In.) 

ToDi  (ile.) 

Tone  {A9.) 

Tone(l«.) 

Tone  (ilv.) 
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12,001 
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1,063 
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1.. 
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6.. 

185 

38,672 

38,867 

2.. 

11,741 
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64,221 

6.. 

415 

65,215 
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8.. 

9,279 

41,146 

60,424 

7.. 

135 

89,685 

89,820 

4.. 

10,670 
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47,379 

8.. 

47 

104,095 

104,142 

5.. 

10,391 

40,969 

51,360 

9.. 

27 

112,966 

112,993 

6.. 

8,723 

37,863 

46,686 

I860.. 

89 

109,418 

109,607 

7.. 

6,045 

42,633 

47,578 

1.. 

92 

>8,227 

78,319 

8*. 

4,102 

48,301 

47,403 

2.. 

71 

76.944 

76,016 

97. 

4,189 

47,908 

52,047 

3.. 

974 

66,771 

67,746 

18^.. 

4,645 

77,746 

82,291 

4.. 

3,943 

78,089 

77,032 

1.. 

2,167 

107,660 

109,727 

5.. 

4,226 

98,080 

102,305 

2.. 

2,942 

102,887 

105,829 

6.. 

1,873 

114,163 

116,026 

8.. 

1,151 

108,046 

109,197 

Totals  :— 

Copper-ore 106,432  (Awrir,)  tons ; 

Iron-pyrites  fS^pAiir-ortf J  • .    1,960,119      „  „     • 


Total..  ••   2,065,551 
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For  nearly  one  hundred  and  twenty  years*  the 
mine- water  of  Ovoca  has  deposited  large  precipitates 
of  copper;  t  but  of  the  quantities  obtained  from  1840 
to  1866,  full  particulars  are  inaccessible. 

In  1856  the  cost  of  extraction,  carriage  and  ship- 
ment averaged  about  eleven  shillings  per  ton  of 
8ulphur-ore.J 


The  wages  of  the  miners 
iiil752    


were  four  ehilUngt  a  week;$ 


but  between  1840  and  1862  they  ranged  )       ,  .--•--•j) 
fr^  eleren  shillings  and  sixpence  to  \  "**  til,??     I  t^dre 
^eensbUllngs J  about..) 


»» 


*  Henry,  PhU,  Tram,,  xlyii.  (1762)  p.  600. 

t  The  quantity  of  copper-preoipitate  (poudn  eiHvrtuteJ  exported  was 

in  1788 11*60  tons, 

9 8700    „  , 

1790 69*76    .,  , 

which  yielded  on  an  aTerage  0*328  its  weight  of  metal. 

Journal  dei  Mines,  No.  XTi.  (1795)  p.  86. 

«  During  Mr.  Weaver's  management  [  ?  1787—1811]  the  mineral  waters  flow- 
ing from  Cronebane  and  Tigrony  yielded  442*69  tons  of  precipitated  copper  (mixed 
wifh  the  oxide  of  iron)  which  sold  on  an  average  for  £27  :  8  :  9  per  ton,  being 
in  aggregate  value  £12,126  :  18  :  If." 

Wbaybb,  Geoh  Ihnu.f  ▼.  p.  218.    Sxtth,  Reeordt  of  the  School 
of  Mmm,  X.  p.  387.    JdJLaon,  The  Mines  of  WicMow,  p.  78. 

X  "  The  cost  to  the  different  mining  proprietors  of  raising  and  putting  on  board 
the  stilphur  from  their  respectiTe  mines,  is,  as  nearly  as  possible,  as  foUowa: — 


Breaking  in  the  mine,  drawing  to^ 
ih<e  surface,  and  separating  from  \ 
waste j 

Carriaee  W  ^^^^^  '"^  horse  esrti.. 
(„  Arklow  by  laUway 

Dues,  agencies,  ft  wear  of  machinery 
Shipping-charges,  commission  on> 


sales,  &c. 


I 


4Pton 


Otmmorrte, 
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Mahok,  The  Mmee  of  Wiekhw^  p.  96. 

4  <<  There  are  fire  hundred  men  employed  In  Crone  Bawn  %  %  %  their  pay  is 
eight  pence  a  day."— Hbnst,  PhU,  ThwM.,  xlyii.  p.  601. 
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CcmTiorree — situate  at  the  N.E.  extremity,  and  ia 
the  most  elevated  part,  of  the  district,  is  wrought 
in  clay-slate  of  which  the  portion  beneath  the  great 
metalliferous  horizon  is  generally  homogeneous,  thick 
lamellar,  and  of  dark-blue  colour ;  *  the  lower  beds 
are  interlaid  by  a  band  of  felspar  irregularly  mixed 
with  hornblende ;  f  whilst  some  of  the  upper  members 
alternate  with  thin  fissile  (?  carbonaceous)  layers  of 
blackish  hue.;};  The  somewhat  softer  and  more  cloven 
slates,  which  succeed  the  pyritous  part  of  the  series, 
are  of  paler  tint  than  those  below  it ;  and— especially 
on  approaching  the  siliceo-felspathic  rocks  which  over- 
lie them,§ — they  are  frequently  mottled  with  white.  || 
The  planes  of  cleavage  have,  in  at  least  one  part  of 
Cannorree,  a  different  direction  from  the  average  they 
maintain  throughout  their  range ;  ^  thus — 

in  the  S.W.  of  Connorree  they  bear  about  20"  B.  of  N.— W.  of  S. ; 
„     district  generally  „  „      N.E.— SW, 

Their  dip  is  invariably  towards  the  E.  or  S.E.** 
The  several  metalliferous  beds  preserve  the  same 

*  Ante,  p.  541. 

t  Wearer,  Oeol  Traru,  v.  p.  170.    Smyth,  Records  of  the  School  of  ditnee, 
I.  p.  370.    Ante,  p.  541. 

X  Weaver,  Geol,  Trant,,  v.  p.  215.     Smyth,  Records  of  the  School  of  Minee, 
I.  pp.  380,-3.     Mahon,  The  Mines  of  Wicklow,  p.  61.    Ante,  p,  542. 

§  Weaver,  Oeoh  Trans.,  v.  p.  171.     Smyth,  Records  of  the  School  of  Mines,  X. 
pp.  370,— 80,— 1.    Mahon,  The  Mines  of  Wicklow,  pp,  36,  75.    Ante,  p.  542. 

t  Table  XVIII,  column  6. 

S  Wearer,  Qeoh  Trans.,  ▼.  p.  217,  PL  12.    Geological  Surrey  of  Ireland, 
Plan  and  Section  of  the  Ovoca  Mines,    Ante,  p.  542. 

*«  Smyth,  Records  of  the  School  of  Mines,  i.  p.  383]  Fiff,  17.    Mahon,  The 
Mines  of  Wicklow,  p.  61.     Anie,  p.  542. 
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strike,*  and — ^wtth  bat  a  single  exceptionf — the  same 
inclinations,*  as  the  cleavage-planes  of  the  slatea  which 
fonn  their  opposite  (voalU)  sides. 

The  deposits  most  largely  wrought  are 

WalFi  lade from  3  to    4  feet  in  width, 

the  South  branch ...     „     3  „    4 
the  Su1phur'Cour$e* .     „     4  „  41;}; 
beside  several  of  smaller  size,  considered  unworthy  of 
pursuit. 

Wair$  lodcy  at  a  depth  of  ten  fathoms,  oonsists 
of  slaty-day,  granular  quartz,  earthy  brown  iron-ore, 
and  friable  iron-pyrites,  often  slightly  mixed  with,  and 
at  intervals  enclosing,  small  masses  of,  pulverulent 
black  copper-ore.  The  chief  ingredients— the  quartz 
and  the  pyrites  especially — affect  distinct  beds;  and 
sometimes  they  encompass  and  isolate  thin  ccmforma- 
ble  (horses)  layers  of  slate,  identical  with  the  slate 
(Country)  on  either  side,  as  well  in  their  composition 
as  in  the  dip  of  their  cleavage;  but — ^although  in- 
clining no  more  than  50*',§ — they  never  touch  it. 

The  South-branch — presenting  the  same  anomaly 
as  the  Main  lode  at  Bearhaven^\\  inasmuch  as  it  is 
more  highly  inclined  than  the  cleavage-planes  of  the 

•  Smyth,  lUcorda  qf  the  School  of  Mines,  i.  p.  383,-4,    Hahon,  I%e  Mkm 
qf  WiehkWt  p.  60.    AnU,  pp.  543,-58,  Tabh  XVIII. 

t  Smythy  Eeoorda  qf  the  School  of  Minei,  i.  p.  384,    Anie,  p.  554,  Table 
XVIII.^  Poitea,  p.  565. 

t  Smyth,  Eeoordt  of  the  School  of  Mines,  i.  p.  383.    Ante,  p.  544. 
§  Table  XVIII,,  colnmnB  3,  6. 
(    II  Postea,  Table  XX,,  columns  3,  6. 
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slates  ID  its  opposite  (walls)  sides,* — is  in  great 
measure  composed  of  friable  iron-pyrites  unequally 
mixed  with  ai^illaceoua  matter;  and  of  granular 
quartz,  either  flecked  with  native  copper,t  or  thinly 
sprinkled  and  slightly  veined  with  vitreous  copper  and 
vith  copper-pyrites ;  earthy  black  copper  frequently 
invests  the  grey  and  yellow  ores,  but  sometimes  it  is 
also  diffused  through  the  earthy  matrix.  The  princi- 
pal constituents  form,  here  and  there,  ill-defined  bands 
parallel  to  the  underlie  of  the  vein. 

The  Sulphur-course,  to  about  seven  fathoms  from 
the  surface,  affords  earthy  brown  iron-ore  in  abundance, 
slaty-clay  more  sparingly,  iron-pyrites  in  smaller  quan- 
tities, and — towards  the  N.W.  wall  especially — earthy 
black  copper-ore  in  even  more  minute  proportions. 
At  greater  depths,  however,  the  opposite  sides  of  the 
deposit  assume  different  characters.  The  N.W.,  or 
lower,  portion^  contains  much  friable  quartz,  quartzoae 
slate,  and  slaty-clay,  more  or  less  mingled  with  granu- 
lar iron-pyrites;  and  earthy  black  copper-ore — often 
sprinkled  through  the  pyritic  part — is  sometimes  the 
chief  component.;}:  In  the  shallower  levels  the  pul- 
verulent ore  comprehends, — for  a  width  of  from  four 


«  TAU  XVni.  mIomiw  s,  s. 

t  Jawnal  dn  ituui.  Mo.  xn.  (17SS)  p.  SI.    Smjth,  lUeenli  nf  tht  Sekool  of 
JVbiM,  I.  pp.  3U,— 9. 

t "  In  1SS3  ir«  diMovned  at  th*  dcptli  of  2S  bthomi  »  bnneh  of  Uaok  coppw 
Me,  whieb  vu  worked  for  may  fBlliaiii*  to  »  width  of  moie  thui  40  feet." 
U8a  lUth  FibnuTj,  IMO)  of  tha  lata  Niohoi-aj  EnimoN,  Eeo., 
■omttima  Snperlntmdant  of  Coimemtt 
SmTtli,  Rtaonb  iff  O*  &Aoof  e/  Uma,  i.  p.  aSS.    llafaoo,  Tit  Ui'iet  of 
WiOlow,  p.  80.    AnU,  p.  Ui. 
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to  forty  feet, — masses  and  veins  of  copper-glance ;  * 
but  downward — where  narrower — it  includes  also  like 
aggregations  of  copper-pyrites-t  The  S.E.,  or  upper, 
part  of  the  Sulphur-course  in  Kilmacow  on  the  N.  £., 
consists,  at  about  ten  fathoms  deep,  of  iron-pyrites  and 
argillaceous  matter ;  showing  frequent  traces  of  earthy 
black  copper-ore,  and  enclosing,  at  intervals,  bunches 
of  galena  which  has  afforded  auriferous  silver.:]:  Near 
the  middle  of  the  mine,  the  iron-pyrites  and  slaty-clay 
between  the  eighteen  and  the  twenty-five  fathom  levels, 
enclose  small  separate  masses  of  argentiferous  lead-ore, 
beside  large  isolated  bodies  in  which  the  sulphurets 
of  zinc,  lead,  copper,  and  iron — with  the  sulphuret  of 
antimony  at  times — are  either  intimately  mixed  or 
chemically  combined.^ 

From  the  twenty-five  to  the  forty-five  fathom  level      I 
a  broad  band  of  iron-pyrites  and  slaty-clay  U  remained 

•  Smyth,  Records  of  the  School  of  Minet,  i.  pp.  383<'94.    Ante,  p.  648. 

t  Smyth,  Records  of  the  School  of  Minea^  i.  pp.  384,-94.    Ante,  p.  549. 

'*  The  lodes,  which  yield  copper  ores  in  slate  «  •  *  are  freqaeotly  spotted 
with  earthy  black  copper  ore  near  the  surface ;  lower  down,  howerer,  this  is 
succeeded  by  yitreous  copper ;  and,  at  length,  by  copper  pyrites." 

Hbnwood,  Cornwall  Geok  Tnme,,  ▼.  pp.  228 — ^9. 

t "  A  Connery,  tout  pr^s  de  la  grande  route,  dans  la  partie  du  filon  qui  se 
dirige  vers  le  nord'Cst,  ce  filon  8*61argit  beaucoup  pr^s  de  la  surface  de  le  terre, 
et  eontient  une  gal^ne  k  grain  d'acier  mdlde  de  killas,  tr^s-difBcile  iL  fondre,  qui 
rend  enyiron  25  p.-Q-  de  plomb,  contenant  1  once  et  |  (0*000905)  d'argent  par 
quintal.  Le  chapeau  du  filon  a  offert,  en  plussieurs  endroits,  une  substance 
semblable  k  de  I'ocre,  qui  contenait  jusqu'd  ^  p.  -§-  (0'005)  d'argent,  et  un  peu 
d^ou^—Joumai  des  Mines,  No.  zyi.  (1795)  p.  82. 

Smyth,  Records  of  the  School  of  Mines,  i.  p.  389.  HSS.  of  the  late  Nicholas 
Kempston,  Bsq. 

i  Weaver,  Geol,  Trans.,  y.  215.  Apjohn,  Journal  of  the  Geol.  Soa  of  Dublin, 
T.p.  135.  Bmyth^Recordsof  the  School  of  Mines,  I.  ^.294,  Uaihon,  The  Mines 
of  WickUtw,  p.  58.    Ante,  pp.  545,-6. 

li  '<  As  the  Sulphur-smalls  of  Connorree  are  largely  mixed  with  clay,  and  may 
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unwrought  for  several  years  after  the  underlying  body 
of  rich  copper-ore*  had  been  removed.  This  volume 
of  sulpbur-ore  is  milced  throughout  with  larger  or 
smaller  quantities  of  several  copper-ores ;  but — as  in 
many  other  localities  f— earthy  black  ore  prevails  in 
the  shallower,  and  copper-pyrites  is  even  more  plentiful 
in  the  deeper,  parts  of  it.  Below  the  forty-five-fathom 
level  the  beds  on  opposite  sides  lose,  in  some  measure, 
their  distinctive  characters ;  the  N.W.,  or  lower,  layers 
consisting  of  iron-pyrites  largely  charged  with  argil- 
laceous matter,  whilst  the  S.E.,  or  upper,  portions 
afford  isolated  bunches  of  the  same  sulphur-ore,  as  well 
as  small  bodies  of  copper-pyrites  and  still  smaller 
masses  of  vitreous  copper  encrusted  with  earthy  black 
ore,  in  a  matrix  of  slaty-slay.  Within  a  short  distance, 
however,  lenticular  aggregations  of  iron  pyrites,  and 
thin  beds  of  copper-pyrites ;{!  invested  with  black  cop- 
per-ore, are  imbedded  in  granular  quartz  interlaid  with 
8late.§  The  continuation,  at  a  depth  of  84  fathoms, 
consists  of  slaty-clay,  sprinkled,  and  sometimes  veined, 
with  both  sulphur-ore  and  copper-py rites, ||  % 

therefore  be  readily  made  into  ballt  for  burning ;  they  are  preferred  by  the  manu- 
iaetarers  to  the  less  earthy  smatta  of  CroneboM  and  BoUymuirtagh" 

John  Hodqb,  Esa,|  MSS. 
*  AnU.  p.  665. 

t  Ibid,  p.  566. 

i  Smyth,  Plan  and  Seeiiona  of  the  Ovoca  Minst ;  Records  of  the  School  of 
Mines,  i.  p.  383.    Ante,  p.  556. 

^  Smyth,   Records  of  the  School  of  Mines,  i.  p.  383,  Fig.  17.    Mahon,  The 
Mines  of  Wickhw,  p.  61. 

I  Smyth,  Records  of  the  School  of  Mwes,  i.  p.  394.     Ante,  p.  547;    Table 
XVIIL 

If  Markham  Browne,  Esq.,  Besident  Director,  and   Wt  O.  Roberts,  Esq., 
Manager,  of  Connorree,  MSS, 
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In  shallow  parts  of  the  mine  the  poorer  sulphur-ores 
afforded  on  an  average  (0*000122  their  weight)  four 
(Troy)  ounces  of  silver  per  ton;*  but  at  greater 
depths  the  (sulphur-smallsj  softer  varieties-— which  are 
more  mixed  with  clay  than  the  ores  of  CronebaneM 
Tigrony^  Ballygahan  and  Ballymurtaghj^  —  have 
yielded  from  (0*000184— 0000582)  six  to  about  nine- 
teen ounces.*:};  Gold  occurs,  not  only  in  alloy  with 
silver,  but  in  separate  grains ;  *  and,  in  one  assay  at 
least,  it  was  obtained  in  the  proportion  of  (0*000015 
the  weight  §)  half  an  ounce  to  the  ton  of  ore.^:{; 

Numberless  masses  (horses)  of  slate,  frequently  less 
than  a  foot,  though  sometimes  several  feet,  in  thick- 
ness, and  often  a  few  feet  only,  but  occasionally  man j 
fathoms,  in  length  and  depth,  notwithstanding  they 
are  bounded-— as  well  above  and  below  as  at  the  sides 
and  ends— by  metalliferous  ingredients  alone,  main- 
tain, as  a  general  rule,  the  selfsame  mineral  composition 
as  the  (country)  rocks,  which,  at  the  same  levels 
respectively,  form  the  sides  (walls)  of  the  Sulphur-- 
course;  \\  yet,  now  and  then,  they  contain  small  quan- 
tities of  ore. 

The  bodies  of  iron-pyrites  and  copper-ore,  which 
envelop  these  horses  of  slate,  exhibit  the  same  remark- 

«  Ante,  p.  661,  Note  Y.       f  Ante,  p.  666,  Note  | 

X  "  For  eome  yean  pest  the  extraordinary  and  ataple  eomodity  of  Connorree 
bat  eonaUted  of  decompoied  argentiferoua  iron  pyritea,  containing  from  eiz  to 
tweWe  onnoee  of  ailTor  and  about  half  an  ounce  of  gold  per  ton,  and  of  from 
one  to  two  per  oent.  of  oopper/'^HAHON,  Tk«  Mmn  f^  Wickhw,  p.  68. 

Ante,  p.  649. 

i  Tphh  XVIII, 

I  Aniif  pp.  20|  191,  378,^81, 550,-64 ;  Tabhi  XVIIL,  XX. 
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^ble  schistose  structure  *  that  prevails,  to  considerable 
depths,  amongst  similar  ones,  in  other  parts  of  the 
Sulphur-course,  f 

The  cleavage-planes,  as  well  of  the  pyrites  and  of  the 

slates  within  it,  as  of  the  (Country)  rocks  above  and 

beneath,:]; — maintain  the  same  dip  and  direction  as 

the  Sulphur-course  §  itself  and  the  horses  ||  it  includes. 

Two  series  of  joints  intersect  the  Sulphur-course ;  if 

one, — ^inclining  more  highly  than  it  is  inclined,  but 

nearly  parallel  to  it  in  direction — ^bears  30"— 40""  E.  of 

N.— W.  of  S. ;  the  other  ranges  22*— 27*  W.  of  N.— 

E.  of  S.,  but — unlike  the  slightly  diverging  joints  in 

Cronebane**   and  Ballygahan '\'\ — it  occasions  no 

displacement. 

Throughout  the  district  copper  is  still  precipitated 
from  mine- water,  but  of  late  the  stream  from  Connorree 
has  been  the  most  productive ;  for  some  time,  indeed, 
it  acted  so  strongly  on  the  iron  pit- work,  that  beechen 
plungers '][;][,  were  used,  and — as  in  some  parts  of 


•  Henwood  Proemdm^M  qf  th§  Royal  G0OL  Soc.  of  Comwatt  fWut  BrUamJ^ 
loth  Oet.,  1840;  MmmgJfpmnal,  24th Oet,  1840).  Smyth,  Rteordt  ofth»  Sakool 
of  Ume$,  I.  p.  872.  Mahon,  The  Minet  of  Wiekhw,  p.  78.  Yon  CotU  fBtrsh 
vndHuttm^  Zeit.  No.  45, 1864);  Mmm^  ^  Smeltm^  If d^«urtiM|  Yix.  pp.  155—6. 

t  Ante,  pp.  551,-2. 

tlhid,  1^.694;  Table  XVIII. 

§  IMd,  pp.  568,-4. 

|/»tt{,p.564. 

Y  Table  XVIII. 

•*  Anie,  p.  558. 

tt  Ibid,  pp.  559—60. 

tt  *'  We  hftTe  now  at  work  a  lecoden pltm^-pole  mide  of  this  Cotmtry  bofcb. 
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Cornwall — the  pumps  were  lined  with  thin  slips  of 
pine.* 

From  the  end  of  September,  1838,  to  the  beginning 
of  April,  1839,  about  3,559,358  cubic  feet,  or  99,312 
tons,  of  water  were  drawn  to  the  surface.! 

This  passed  from  the  pump-head,  and  from  one  to 
another  of  several  successively  lower  tanks,  through 


and  we  have  a  second  ready  for  use ;  both  haye  been  soaked  in  the  mine-water, 
which  is  a  capital  substitute  for  Kyan's  patent.  The  pumps  are  lined  with  wood 
which  will  save  the  inside  from  the  action  of  the  water,  and  the  flanges  will  be 
protected  as  much  as  possible  by  well  tarred  hoods  of  cauTass." 

MSS.  of  the  late  Nicholas  Kbicpstov,  Esq. 

In  the  last  century  it  was  suggested  to  the  Admiralty,  by  the  late  Captain 
Hercules  Michell,  that  timber  intended  for  ship-building  should  be  immersed  in 
the  water  of  the  great  Gwennap  adit" 

Hbnwood,  ComwaU  GecH,  Trans^  y.  p.  458*,  Note  *. 

"  About  the  year  1801  [the  late]  Captain  Joel  Lean  ♦  ♦  ♦  first  introduced, 
at  Crenver  and  Oatfield,  (what  is  now  so  generally  used  and  with  such  great  ad- 
vantage,) the  plunger-pole,  instead  of  the  common  box  and  piston." 

Lbax,  Hitiorical  Stattment  of  the  Improvements  made  m  the  Duhf  of 
Steam  Engines  in  Comtoatt,  pp.  8,  9. 

Smyth,  Treatise  on  Coal  €Md  Coal-Miningf  p.  181. 

The  late  Benjamin  Sampson,  Esq.,  of  Tullimaar  near  Truro,  and  the  late  Mr. 
Francis  Michell,  Engineer,  of  Redruth,  informed  the  writer, — that,  *'  in  1796, 
they  had  seen  the  plunger-poU  applied  at  AU  and  Cakes  in  Gwennap,  by  Mr. 
Murdoch,  who  then  directed  the  a£fairs  of  Messrs.  Boulton  &  Watt  in  Cornwall ; 
and  that  they  had  reason  for  believing  it  had  been  previously  worked  at  another, 
mine  in  the  neighbourhood.'* 

Henwood,  West  Briton  (xxxi.  No.  1606),  23rd  April,  1841. 

*  *'  When  the  water  is  saline  or  acidulous  4k  4k  4k  the  working-barrel,  ordi- 
narily of  cast  iron  duly  bored,  is  sometimes  made  of  brass  or  gun  metal  (as, 
indeed,  it  very  often  was  in  earlier  days) ;  or,  as  in  some  of  the  copper  mines  in 
Cornwall,  the  whole  of  the  pump-work  may  be  lined  with  staves  of  wood,  care- 
fully fitted  like  an  internal  cask,  to  prevent  the  rapid  destruction  which  otherwise 
ensues." — Smtth,  Treatise  on  CotU  and  Coal  Mining ^  p.  180. 

t  The  steam-engine  had  a  stroke  of  seven  feet  in  the  shaft,  and — ^ranging  from 
four  to  eleven  —averaged,  during  the  period  under  consideration,  about  seven 
strokes  per  minute.  The  calculated,  is  assumed  to  bear  to  the  actual,  discharge, 
the  same  proportion  (1*  to  *924)  which  they  bore  to  one  another  during  repeated 
ezpeiimenU  at  Wheal  Towan  in  Cornwall.  HsinrooD,  Transactions  of  the 
Institution  of  Civil  Engineers,  ii,  p.  68. 
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narrow  inclined  channels  (launders).  The  floors  of 
the  former  were  nearly  horizontal,  but  those  of  the 
latter  were  slightly  inclined;  the  water,  therefore, 
flowed  less  rapidly  through  the  one  than  through  the 
other. 

The  capacity  of  the  tanks  was  about  3447  feet ; 
„  launders      „         900    „  . 

Both  were  thickly  spread  with  scraps  of  wrought 
iron  and  shreds  of  tin-plate,  which  were  frequently 
turned  and  swept ;  in  order — by  the  removal  of  the 
precipitated  copper — to  present  a  surface  of  iron  as 
clean  as  circumstances  permitted,  to  the  impregnated 
mine- water. 

Accounts  kept  at  the  mine  show,  that  during  this 
period 

tons  <^«0<r.> 
the  Unkfl  and  Immden  were  euppUed  with  aboat  62*0000  of  wrought-iron  and 

tin  plate ; 

of  which nearly  20*0000  were  consumed ; 

and  this  precipitated  • . . .  19,9375  of  copper, 

which  realized  in  the  market  £894  :  10  .  9. 

The  precipitate  was, therefore,  0*9969  the  weight  of  the  iron  it  had  replaced;  and 

0*0002        „         of  the  mine-water  from  which  it 

had  been  obtained. 

Daring  1861-o2  the  oonsnmption  of 124  tons  of  $orap-4rcnt  Ao., 

collected* 60      „     precipitate, 

which  yielded  on  an  average      0*44  its  weight  of  copper. 
The  precipitate  was  therefore      0*48  the  weight  of  the  iron, 
and  the  copper  „  0*21  „  „ 

The  precipitation  was  always  more  rapid  in  running 
than  in  still  water ;  and  in  warm  than  in  cold  weather. 

The  water  took  with  it,  from  the  precipitation  tanks 
and  launders,  a  considerable  proportion  of  iron-ochre, 
most  of  which  subsided  in  pits  prepared  for  its  recep- 
tion ;  the  rest  passed  off,  in  suspension,  to  the  riv^r. 

LLLL 
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At  Qranebane*  it  appears  that  in  1862 

30  tons  of  wrought-iron 

afforded 12      „      precipitate, 

which  contained  35  per  cent  of  copper. 

In  this  ease,  therefore,  the  precipitate  wae  0*400  the  weight  of  the  iron  disMWed 

„  copper         „  0-140        „  „  ,A 

w       M  f>  0*860        9,        of  the  predpitate. 


•  « In  order  to  carry  off  the  water  from  [Crone  Bawn]  there  are  lords  earried 
on  a  great  way  under-ground,  from  the  lower  part  of  the  hill.  Out  of  theie 
leyela  isine  large  atreama  of  water,  moat  etrongly  impregnated  with  oopper. 

"  An  accidental  discoTcry,  which  happen'd  not  long  ago,  ii  like  to  make  these 
streams  more  beneficial  than  all  the  rest  of  the  mines.  Some  of  the  workmen, 
having  left  an  iron  shovel  in  the  stream,  found  it  some  weeks  after  inemsted 
with  copper.  This  gave  the  hint  of  laying  hars  of  iron  in  these  stfeams^  which 
is  done  in  the  following  manner : 

M  Oblong  pits  are  dug,  ten  feet  long,  four  wide,  and  eight  deep :  the  bottom 
laid  with  smooth  flags ;  the  sides  built  up  with  stone  and  lime,  with  wooden  rude 
beams  across  the  pits  to  lay  the  iron  bars  on.  Chains  of  these  pits  are  continued 
along  the  stream  as  far  as  the  directors  please ;  for  the  water  never  abates  of  its 
quality.  •  «  «  Soon  after  the  iron  bars  are  laid  in  these  pits,  they  contract  a 
copper  rust,  which,  by  degrees,  intirely  eats  away  the  iron.  The  copper,  which 
is  in  the  water,  being  thus  continually  attracted  and  fixed  by  the  iron,  subsides 
to  the  bottom  of  the  pit.  To  hasten  this  dissolution,  the  iron  bars  are  some- 
times taken  up,  and  the  rust  rubb'd  off  them  into  the  pit.  In  the  space  of  twelve 
months  the  whole  bar  is  commonly  dissolved,  if  the  iron  be  soft;  for  steel  or 
hard  iron  will  not  do  here.  The  stream  is  then  turned  off  the  pits ;  and  the  men 
with  shovels  throw  up  the  copper,  which  lies  at  the  bottom  like  reddish  mud. 
This  mud  [when]  dry  becomes  a  reddish  dust  «  •  •  .  It  is  then  smelted  into 
copper.  «  «  «  . 

"  One  ton  of  iron  in  bars  produces  a  ton  and  19  hundred  and  an  half  weight 
of  this  copper  mud  or  dust.  Each  ton  of  this  mud  produces,  when  smelted,  16 
hundred  weight  of  the  purest  copper,  which  sells  at  ten  pounds  per  ton  more 
than  the  copper,  which  is  made  of  the  ore.  There  are  about  600  tons  of  iron 
now  laid  in  these  pits.  The  water,  that  runs  from  these  mines,  enters  the  river 
Arklow  at  New  Bridge ;  and  is  of  so  corrosive  a  nature  that  no  fish  can  live  in 
this  large  river  from  hence  to  the  sea." 

HBNB.T,  PhU,  TVmw.,  XLTii.  (1751—2)  pp.  (KM)— 3. 

According  to  Dr.  Henry's  statement,  therefore, 

the  precipitate  obtained  was  1*976  the  weight  of  the  iron  used; 
„  fine  copper        „         „    1*680  „  „  ; 

t»  f,  ,1         It   0  800  „  precipitate. 

*'  L'eau  de  la  mine  est  toujours  plus  charges  de  la  parties  salines  et  m^talliques 
en  hiver  qu'en  M ;  ce  qui  vient,  suivant  M.  MiU$  de  ce  que  Tair  sec  qui  circule 
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The  M^^ter  of  Ballymurtagh  *  gave,  from  1852  to 


pendant  VM  dans  les  mines,  y  favorise  la  ciiatalUtation  da  sulfate  de  cuiTre, 
tandis  que  pendant  Thiyer,  qni  est  toujonrt  pluTieaz  en  Ireland,  let  eauz  qui 
8*infiltrent  dans  let  fllont  reditiolyent  let  d^pdts  talint,  et  t'enrichitient  par-U 
consid^rablement. 

*'  On  augmente  aDgonrd*lini  la  concentration  de  I'ean  retiree  de  la  minei  an 
moyen  da  mineral  pyriteaz  panvre.  C'ett  mdme  presqae  poar  ce  teal  uaage 
qu*oa  prend  la  peine  de  Teztraire ;  car,  qnoique  ce  mineral  toir  le  plat  abondant, 
eependant,  eomme  on  a  Ta,  on  n'en  ezploite  qu'une  petite  quantity  Aprit 
I'aToir  brit^  en  morceauz  d'une  grotieor  convenable,  on  le  met  dant  let  foart 
qui  contiennent  de  50  k  150  tonneauz  de  min^rai.  On  n'a  betoin,  pour  com- 
mencer  ii  y  mettre  le  feu,  que  'de  quelquet  brouttaillet  et  d*un  pea  de  cbarbon ; 
apria  quoi,  le  soufre  contenu  dant  le  min^rai  tuffitpour  entretenir  la  combuttion. 
Ce  toufre,  Tolatilit^  par  la  cbaleur,  ett  re^u  dant  det  r^pient  adapt6t  k  cet 
fours.  4t  ^t  It  Apr^  que  le  mineral  a  ainti  tubi  le  grillage,  on  le  porta  dant 
des  fottet  remplies  d'eau  vitrioHque,  oH  on  le  laiste  plong6  qnelqae  tempt,  aprftt 
quoi  on  le  patte  au  bocard;  on  lave  entuite  eelui  qui  en  Taut  la  peine." 

Journal  des  Mines,  No.  XTX.  (1795)  pp.  83^5. 

"  The  procett  [of  roatting]  commonly  latted  tiz  weekt,  4k  4k  4k  and  when  it 
vras  well  managed,  a  nucleut  of  rich  yellow  or  grey  sulpboret  of  copper,  tur- 
rounded  by  brownish  red  ozide  of  iron,  might  be  found  in  each  piece  of  the  burnt 
ore.  In  thit  ttate,  the  ore  being  tteeped  in  water,  a  tolution  of  tulphate  of 
copper  was  obtained,  and  the  copper  precipitated  by  iron ;  the  kemela  of  the 
solphuret  •  •  4k  were  teparated  from  the  tlimy  ozide  by  washing." 

WsATBK,  Geo/.  Drant;  ▼.  p.  219. 

Percy,  MetaUwyy,  x.  pp.  439—47. 

In  July,  1791  it  was  found  that  the  water 

^^i^lSH"*^  ^'^  ^^  I  cwktained  O^MSSS  its  weight  of  snlpbiirlc  mIU  and  000004  its  weight  of 
^^       '•• '  copper; 

when  It  bad  paiaod ) 
over  the  ealeincd  {        „        O-OOOOS  „  n  »    0  00064         „ 

ore ) 

after  It  had  ratted  for^ 
some  time  on  cat-  f  ArfwAM 

eined  ore  in  theT        »•        "^ww  n  » 

tanU ) 

The  precipitate  contained  on  an  aTcrage  0*328  its  weight  of  copper. 

Journal  dee  Mines,  No.  xtx.  (1795)  pp.  84—5. 

Smyth,  Records  of  the  School  of  Mines,  i.  pp.  385—9.  Mahon,  The  Mines 
of  Wicklow,  pp.  41—2.    Ante,  p.  562. 

"  The  mine-water  of  Cronebane  containt  now  (1862)  a  tmaller  proportion  of 
copper  than  it  contained  formerly." 

Captaiv  John  Rbed,  Manager  of  Cronebane,  MSS. 

*  "  n  y  a  d^ik  enyiron  cinquante  ant  que  reparation  de  cementation  ett  en 
utage  dans  let  minet  de  Ballymurtagh,  dont  TezploitatioD,  ou  plutOt  la  reprise 
dant  let  demiert  temps,  a  pr^c^  de  celle  des  minet  de  Cronebane.      4k  4k  4k 


} 
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1861,  the  undermentioDed  quantities  and  qualities  of 
precipitate.* 


Preoipitato. 

Yaara. 

Precipitate. 

Yean. 

Quantitiet  of 
(tona) 

Proportion 
of  copper  in 

f 

Quantitiea  of 
(tons) 

Proportion 
of  copper  in 

1852  ... 
1858  ... 

60 

4-5 
8-0 

0-4500 
0-4900 
0-8975 

1858  ... 

coatbuMd. 

* 

60 

4-0 
7-0 

0-42OO 
0-4275 
0*5500 

Soirant  Berkenbout,  I'ean  de  Ballymurtagh  d6poae  par  T^Taporation  7  groo  et  | 
de  iMiment,  et  oelle  de  Cronebane,  4  grot  16  grains. 

Journal  dea  Mines,  No.  xtt.  (1706)  pp.  83, — 5. 
**  Tbe  water  iasning  firom  tbe  pyrites  workings  pn  Ballymurtagb]  is  strong!/ 
impregnated  with  copper,  and  on  being  passed  orer  plates  of  iron  yields  a  pre- 
cipitate containing  firom  10  to  30  per  cent,  of  copper." 

HAVQRTOKy  Journal  of  the  Oeoiogieal  Society  of  Dublin,  r,  p.  284. 

Smyth,  Records  of  the  School  of  Mines^  i.  pp.  886.  Mahon,  The  Mines  of 
WicMow,  pp.  41 — 6. 

•  John  Hodge,  Esq.,  MSS. 

A  comparison  of  the  before-mentioned  resnlts  with  those  obtained  in  other 
districts,  can  scarcely  be  without  interest. 

The  enormous  body  of  ore  discoTcred  near  Amlwch,  in  Anglesea,  on  the  2nd 
of  March,  1868,a^^of  which  the  produce  lowered,  for  some  years,  the  price  of 
copper  throughout  Burope  and  threatened  the  poorer  mines  of  this  kingdom 
with  ruin,0— -has  been  wrought  in  the  Parys  and  Mona  mines,  without  inter- 
mission until  now  (1868). 

The  blackish  and  greyish-blue  clay-slate,  immediately  beneath,  become  more 
and  more  quartsose  as  they  approach  it :  certain  portions,  transftised  with  aili- 
ceous  matter,  displaying  a  flinty  character  ;  edsf  whilst  other  parts  are  made  up 
of  slate  and  quarts  in  distinct  and  separate  lamine ;  seTeral  large,  and  ezeln- 
sively  siliceous,  beds  of  schistose  structure  cf  enclose,  here  and  there,  bodies  of 
massiTC  quartz ;  and  broad  bands  of  greyish  hornstone  cf  occur  at  interrala. 
The  slate  directly  oyerlying  the  ore  is  generally  brownish;  but — exhibiting 
Tarious  colours  within  short  distances— it  passes  gradually  into  the  normal  blue. 

a  Pennant,  Toun  in  Walet,  Edit.  1810,  111.  p.  60. 

b  Journal  de$  Mintt,  No.  zvi.  (ITOft)  p.  ao. 

e  Hawkins,  Cornwall  Oeol.  Trant^  UL  pp.  885,'-0,-  01. 

d  Ramsay,  Memoirs  of  the  Qeologieal  SvnMy,  Hi.  p.  105. 

«  Henslow,  Cambridge  Phil.  Traru.,  i.  p.  884. 

/  Pi^re-Jean,  Annaki  dee  Mines,  xlil.  pp.  830—85. 
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TearB. 


1853  ... 

eootlnaed. 

1854  ... 


Precipitate. 


Quantitiea  of 
(tons) 


6-5 
5-5 

80 


Proportion 
of  copper  in 


0-5775 
0-3600 
0-3775 


Years. 


1854  ... 

eontinned. 

1855  ... 


Precipitate. 

A 


< ^ 

Quantities  of    Proportion 


(tons) 

2-5 
4-0 
0-5 


of  copper  in 

0-4625 
0-6537 
0-1500 


Many  beds  are  sprinkled  and  veined  with  siliceous  substances ; «  bat  these  rarely 
accompany  the  thick  conformable  layers  of  metalliferous  quarts  which  have 
been  largely  worked  in  northern  parts  of  the  mines. 

South  of  the  great  metalliferous  deposit — where  little  or  nothing  of  much  value 
has  yet  been  found — the  planes  of  cleavage — maintaining  a  tolerable  regularity 
— bear  nearly  E.  and  W.^  In  other  parts  of  the  district,  however,  their  directions 
are  less  uniform :  for  the  average  of  their  many  large  flexures  in  the  Mona  mine, 
towards  the  N.E.,  is  12^—30°  S.  of  E.^N.  of  W.,— near  the  boundary  of  the 
mines  they  range  about  E.  and  W., — and  in  the  Parys  works,  on  the  N.W., 
some  15*^ — 25^  N.  of  E. — S.  of  W.  Moreover  the  wide  floor  of  copper-bearing 
quarts,  worked  to  a  greater  or  less  extent  in  various  parts  of  both  mines — as 
the  Carreg-y-doU  "  lod9  *' — is  subject  to  like  flexures ;  and  the  smaller  metal- 
liferous beds— severally  known,— as  the  Clay-ahaft  **  lode "  and  the  CharMte 
'*  lode  "  in  the  E.,— as  the  North  Discovery  "  lode  "  towards  the  W.,— and  as  the 
Black'Roek  **  lode  *'  throughout— also  conform  to  the  undulations  in  their  re- 
spective neighbourhoods.  The  relations  between  the  great  metalliferous  deposit 
and  the  rocks  adjoining  it  are  not  now  very  readily  discerned;  its  general 
direction,  however,  is  some  12^—16°  N.  of  E.— S.  of  W. ;  »  and  its  dip— like 
the  dip  of  other  productive  beds  of  quarts  and  the  cleavage-planes  of  the  neigh- 
bouring slate— ranges  from  50*^  to  84°  and  averages,  perhaps,  65°  towards  the 
N.  The  formation  is  intersected  by  joints  of  two  series;  which — differing  both 
firom  the  copper-yielding  beds  and  from  the  erosS'Veitu  (JhiooMe)  in  direction- 
bear  »  26°-d6°  W.  of  N E.  of  8.  and  30°-40°  N.  of  E.— S.  of  W.  respectively. 

Two  croee-  (ftucanj  veine  traverse  the  district ;  namely, — the  eastern  or  Carreg- 
y-^oUeroee-eoune  which  ranges  some  6° — 16°  B.  of  N. — W.  of  8.,  and  the  great, 
or  weeiem,  croee-eoitne  which  takes  a  nearly  meridional  bearing.  Both  the  croee' 
veme  heave  the  smaller  productive  beds  ( **  lodei  "J  they  encounter,  towards  the 
fL,t  0,A.,J  left-hand  and  to  the  side  of  the  greater  angle ; «— the  Carreg-y-doU 
eroee-couree  displacing  the  Charlotte  **  lode  "  but  slightly, — the  Carreg-y-doU 
**lode"  about  twelve — ,  and  the  Black  Bock**  lode"  nearly  eight,  fathoms; 

o  FMre«Jean,  ^muilsi  dm  Mines,  xlil.  pp.  990— 8A. 

b  In  IMe  the  Magnetic  deelinalion  at  DabUn  was  about  9r*  SC  Wett^LLOTD,  PMU 
Trent.,  czxziz.  p.  906. 

Sabine,  IMd,  PL  XIT.    AnU,  p.  641,  Note  *. 
c  Henwood,  ConuvaU  QsoL  Trout*,  v.  p.  887. 
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Precipitate. 

A 

TcMn. 

PredpiUle. 

Teari. 

r          ■ 
Qaantitict  of 

(tons) 

Proportion 
of  copper  in 

r 

Qnantitiei  of 
(tons) 

Proportmi 
of  copp^is 

1855  ... 

60 

0-4625 

1856  ... 

8-5 

0-4750 

eoBtlnii«d. 

1-6 

0-4750 

eoDttnoed. 

1867  ... 

6-0 

0-2937 

1856  ... 

40 

0-4176 

80 

0-4875 

whilst  the  we$ttm  erou-eoune  dislocates  the  Carreff-y-dofl "  kfda  "  as  mnch  as 
thirty  fathoms.  Both  cnt  through  the  great  metaUiferoos  deposit  also;  bat  the 
extent  of  any  heavu  they  may  hare  occasioned,  is  concealed  by  the  rubbish 
which  now  coTers  the  sides  of  the  openings  wherein  it  was  formerly  wrought. 
The  North  Diseovery  (bed)  "  bxid  "  yaries  from  about  two  to  eight  feet,  the 
Cafr§gy-doU  " lod$ "  from  one  fathom  to  nearly  ten  fathoms,  in  width ;  both 
enclose  conformable  (houM)  masses  of  slate ;  and  consist  in  great  measure  of 
quarts,  quartaose  slate,  chlorite,  and  disintegrated  felspar,  mixed,  howcTer, — 
with  earthy  brown  iron-ore  as  well  as  with  smaller  quantities  of  native  copper, 
earthy  black  copper-ore,  the  sulphate  of  lead,  and  other  rare  minerals,  near  the 
surface, — with  yellow  copper-ore  and  specular-iron  at  greater  depths, — and  with 
larger  or  smaller  proportions  of  iron  pyrites  throughout. 

The  great  metalliferous  deposit  appears  a  not  only  to  have  occupied  the  whole 
space  between  the  Clajf-iht^  **  lode  "  and  the  Biaek  Rock  "  lode  "  for  a  con- 
siderable distance,  but  also  to  haye  extended  some  way  N.  of  one  and  S.  of  the 
other. 

It  has  been  wrought  open  to  the  day 

for  about  90  Ana.  on  the  line  of  lu  ttrike,  I  liO  toe,  in  extreme  width  I  EUl-Hie  epem  mrf; 

and  mof  than  )  In  the )  and 

>•     SIO    >,  M  H  M   tf  M  n       eretU  epem  eagt :  mk 

to  a  depth  of  18  fathonM,oft  and  for  an  area  of  5-9S1  acres,  In  the  former;  abe  and 

n  S8      M         n  »•  18*181    ,•  „     letters     „ 

and  to  greater  depths,  for  short  distances,  in  both.  The  cpenrcaeie  ae  are  sepa- 
rated by  a  body  of  vein-stone,  varying  from  ten  to  fifty  fathoms  in  thickness, 
whence  small  quantities  of  copper-ore  are  still  extracted. 

The  principal  earthy  ingrediente — as  in  the  smaller  productive  beds  on  the  N. 
—are  quarts  and  quarUose  slate,  through  which  chlorite  is  thinly,  and  rather 
unequally,  sprinkled;  towards  theB.,  however,  and  especially  near  the  fjbot' 


a  WorUng-plaas  of  the  Pary$  and  Mena  mines. 

b  Pennant.  Teurt  in  WaUi  (Edit.  1810)  ill.  pp.  88.  486.— 8;  Jeumai  itt  Mimet,  No.  ivi. 
(17B9),  p.  78.  Hawkins,  ComteaU  Oeol  Tram,,  ilL  pp.  884,-8.  Frire-Jesn,  Atmaim  4n 
MiMet,  xUi.  p.  988.  Amhedk  a$td  the  etUtreted  Mona  end  Perpt  Copper-mUnet  (Beaamsris, 
1848X  p.  8. 

e  The  epeercatt  of  Whetd  Mutie,  wronght  on  copper-velnt,  in  date,  near  Redroth,  measares 

abont  an  •ere; 
n  Cardaze,  „       on  tin-veins,  in  granite,  near  St.  AnstelU  rneesom 

about  Ave  acres. 

TaoMAS,  CerwoeU  GeeL  IYoim.,  t>  pp.  96,  ISO. 
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Y.in. 

Precipitate. 

Tem. 

(too.) 

Proportion 
ofeoppirin 

Qiumtitlei  of 
(ton.) 

Proportion 
of  oopp«i  In 

1858  ... 

26 

0-2525 

1859  ... 

6-6 

0-3675 

40 

0-8800 

40 

0-3800 

4-0 

0-3812 

2-5 

0-6125 

watt)  lovn  alda,  bnff-colonred  falipu  li  kIm  mbunduit.  TUn  flnOe  \\jttt  ot 
blacUih-bloe  aUtf  mattar  intarlia  tbe  othci  oonititueot*,  diTiding  them  Into  ill- 
dafi&ed  badi,  puallal  to  tha  a4j'>i'>lii8  'icka.  Bballoir  puta  of  the  Mona  mlna 
liaTS  aflbrdad  mneti  (gmiattj  earth;  farowti  Iron-ora,  oootaining  naata  of  euthj 
black  ooppar-oni,  and  amall  oaTJUei  incmated  with  Iba  urbonatea  of  copper  and 
the  anlpliata  of  laad.  Bad*,  lamlim,  intcilaclng  raini,  laolatad  bodiei,  aingla 
erjatala,  and  diaatmlnatod  Kiaina  of  tion-pjrltaa  even  fat  abound  in  the  qnaiti- 
o*«  and  alat7  porliona  of  the  maaa.  Oalana  ocenra  in  aotne,  and  blende  in  othar, 
parta  of  tha  tbimation ;  and  oooaalonallj  the  intractable  aaaociation  of  both 
IhcM,  with  Iron  and  copper  pjriteiffiliM^tfona  a  >  baa  been  pleutifal.  Native 
nyper,  earth;  black  oopper-ore,  Titieona  Mpper,  and  purple  ore  have  been  b«- 
quantlf  obtained ;  >  the  piinoipal  prodnee,  howaveri  hu  alwaja  been  copper 
pyrltce.  Great  qnantitiea  were,  of  courae,  acatterad  through  tbe  carthf  matrix ; 
but  during  three  montha  ot  the  jaar  1787,  one  part;  of  worbnen  extraoted 
"  two  thonmnd  nine  hundred  uid  thirtj-one  ton*  of  good  copper-ore  and  onlf 
Dlnet7-two  tana  (0*031  it*  weight)  of  waite."  *  On  one  occaaion  foitj-fonr 
thonaand  tone  of  ore  lay  readj  for  the  fumice.  *  In  both  the  qpot-mmtt 
■OTcral  Urge  (hunt*}  miaae*  of  qaartaoee  ilate,  interlaid  hf  laminn,  and 
intenected  bf  thin  tiIui,  of  Iron  pjritee,  have — bj  the  lemoral  of  tha  coppar- 
ore  wlueh  annoonded  them — been  left  atanding  aa  ieolated  cragi. 

Between  tha  two  enonnonslj  rich  (bmchtt)  portiona  of  the  great  matat- 
Uferona  depodt,  wrooght  in  the  Bill-iida  cptn-mtit  and  the  Qr»at  ofMn-eotf 
raapeotlTcly,  a  body  of  comparatively  unpiodactive—jet  allghtlj  ore; — quarta- 
oae  vein-atone  intervene*  i  whilat— like  manj  of  the  largeat  eomttt  of  tin  and 
copper-ore -m  Cornwall,'! — each  of  them  i*  ititaiaeoted  b j  a  eroia-wn.  Both 
the  erDw-MHi*  partake,  to  Mma  'extent,  tbe  obaraoter  of  the  er»-gremid  the; 
traverse  i  for  the  moat  part,  however,  the;  oonain  of  alate  identical,  in  both 
compoeition  and  itructua,  with  the  (eountry)  roek*  a^oining :  that  la  to  aaj, 


t  Pansut,  Tmri 
c  Prieik  ntd,  p. ' 


--   ■-        v.pp.ai,*3Si  TtMitriii. 

—Tin.,  LXXII-,—TII.,-ZX. 


p.St.    StawnitCnrmeauei 
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Years. 


1860  ... 


FrecipiUte. 

Tears. 

Precipitate. 

Quantities  of 
(tona) 

> 
Proportion 
of  copper  in 

Quantities  of 
(tons) 

Proportion 
of  copper  in 

4-0 

0-4425 

1860  ... 

8-6 

0-6125 

40 

0-4875 

eontiaued. 

1861  *.. 

8-5 

0-8062 

60 

0-5560 

875 

0-3850 

they— as  well  as  several  of  the  Cornish  eroif-vsms — are  mere  slices  of  the  strata, 
containing  little  or  no  ore. « 

The  richest  part  of  the  JVbi^A  Discovery  (bed)  **  lode  *'  is  intersected,  at  about 
right-angles  to  its  course,  by  two  nearly  Tertical  joints ;  but  the  poorer  portions 
are  traversed  by  several  such  seams,^  all  which  dip  towards  the  W. 

The  body  (courses)  of  ore, — both  in  the  great  deposit  and  in  the  North 
Discovery  "  lode  " — have  also  a  westerly  (shoot j  dip  endlong,  but  at  a  lower 
angle. 

To  a  depth  of  eighteen  fathoms  in  one  part,  and  of  twenty-three  in  another, 
the  great  metalliferous  mass  was  quarried  for  its  entire  width.  At  these 
respective  levels,  however,  '*  not  only  had  the  body  of  ore  diminished,  but  it 
was  of  lower  quality,  [whilst]  the  expenses  of  raising  it  had  increased  inversely 
in  the  same  proportion,  e  "  Quarrying  was,  therefbre,  discontinued ;  and 
mining  operations  were  commenced  on  the  richest  of  the  tributary  or  aubordi- 
nate  parts— the  Black  Rock  (bed)  <*  lode;  "  which — by  aid  of  a  steam-engine 
— let  up  at  the  bottom  of  the  Great  open-cast — is  still  mined  some  sixty-five 
fathoms  below  the  surface. 

The  North  Discovery  '*  lode  *'  is  worked  to  a  depth  of  about  one  hundred  and 
twelve  fathoms. 

The  richer  ore  was  dressed  in  the  ordinary  manner ;  <>  the  poorer  was  broken 
to  about  the  sise  of  eggs,  and  burnt.  **  For  which  purpose  it  was  placed 
between  two  parallel  walls  of  vast  length;  some  kilns  were  twenty,  others 
forty,  or  fifty  yards  in  length;  some  ten,  others  twenty  feet  wide,  and  above 
four  feet  in  height.  The  space  within  was  not  only  filled,  but  the  ore  was 
piled  many  feet  higher,  «  «  «  the  whole  Was  then  covered  with  flat  stones, 
closely  luted  with  clay  «  •  «  in  order  to  prevent  the  fumes  from  escaping. 
The  ore  was  set  on  fire  by  a  very  small  quantity  of  coal,  and  it  then  burnt  per 
se.  The  sulphureous  particles  passed  off  into  long  flues  builtof  brick,  where 
they  subsided  in  form  of  the  finest  brimstone.    Some  of  the  [kilns]  contained 

o  Henwood,  ComKoU  QeoL  Trans,,  ▼.  pp.  961,— 8^  TahU  LXIX. 

b  Ibid,  p.  982. 

e  Hawkins,  Ibid,  ill.  p.  887. 

d  Pryce,  Hinwatogia  CormMsnsis,  pp.  288 — 48.    Henwood,  Cormcatt  OeoL  Tra$u^  Iv.  pp. 
189—85.    Henderfon,  PrecMdingt  of  the  ItutUution  of  CivU  Enginserg,  zvU,  pp.  10—20. 
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^"to   1866  I  ^®"'°'®'  72-60  tons  of  precipitate  were  obtained,  and  the 

proportion  of  oopper— ranging  from 
0*1600  to  0*6637— averaged  0*4634 
its  weight ; 
but  from  1867  >        ^^        5^.25     ^^     ^f  precipiute  were  obtained,  and  the 

proportion  of  oopper— ranging  from 
0*2626  to  0-6126— averaged  0*4207 
only; 


four  hundred  tons  of  ore,  others  two  thousand ;  the  first  required  four  months 
to  be  completely  burnt ;  the  last  near  ten/'a 

The  results  of  these  operations— which  have  been  discontinued  here  since 
1862 — were  identical  with  those  obtained  at  Agordo  in  the  Venetian  Alps;  ^ 
that  is  to  say  :— 

**  Itt  kto^e — ^When  a  lump  of  ore  in  this  stage  is  broken  across,  it  is  seen  to 
consist  of  a  central  mass  of  unchanged  ore,  enclosed,  as  it  were,  in  a  rind  or 
shell  of  a  reddish-brown  substance  like  sesquiozide  of  iron ;  and  between  the 
two  is  interposed  a  thin  more  or  less  continuous  layer,  which  differs  in  lustre 
from,  and  contains  more  copper  than,  the  original  ore,  and  in  appearance  re- 
sembles eopper-psfriiea,  ♦  ♦  « 

*'  2fuf  ttage. — This  stage  occurs  at  about  the  middle  of  the  roasting  process. 
The  external  appearance  of  the  ore  is  the  same  as  in  the  first  stage,  but  the 
weight  is  much  diminished.  On  breaking  the  lump  across,  sereral  concentric 
layers  may  be  obserred.  In  the  centre  is  a  nucleus  of  unchanged  ore,  surrounded 
first  with  a  layer  similar  in  appearance  to  copper-pyrites;  secondly,  with  a  layer 
having  a  greater  lustre  and  of  a  purplish  colour,  similar  in  appearance  to  purple 
copper-ore ;  thirdly  here  and  there,  with  a  layer  having  a  metallic  lustre  and 
Tsrying  from  the  colour  of  indigo  copper-ore  to  that  of  vitreoiu  copper;  lastly 
with  a  thick  red-brown  crust,  forming  the  outer  shell.  •  «  « 

'*  drd  etoffe, — On  breaking  across  a  lump  of  ore  in  this  stage,  which  occurs 
when  the  roasting  is  nearly  completed,  a  nucleus  of  unchanged  ore  can  no  longer 
be  seen;  but  within  the  now  greatly  increased  outer  red-brown  crust  some  yellow, 
reddish,  and  bluish  particles  may  yet  be  perceived.  4k  4k  4k 

"  4th  stage. — In  this,  the  final  stage,  on  breaking  across  a  lump  of  ore  it  is 
found  to  consist  only  of  a  central  nucleus  having  the  appearance  of  vitreous 
copper  or  rather  rich  copper  reguhss,  and  an  outer  red-brown  shell,  not  usually 
presenting  any  indication  of  concentric  arrangement.  4k  4k  4k 

"  The  kernels  are  separated  by  a  few  gentle  blows  with  a  hammer  4k  4k  4k 
and  smelted  for  copper.' 


»» 


a  Pennant,  Tomrt  In  WaUs,  Ui.  ppb  01—8,  488-«,  PL  XLIV.i  Jowmai  des  Mines,  No.zvi. 
(1795)  p.  70.    VT^n-Jeen,  Anndlst  de*  Mints,  zUi.  p.  984—5. 

b  Percj,  MetaUurgUt  i*  (Lunar,  Bsrg. «.  huttenmatmischet  Jahrbueh,  Tunner,  1859,  8,  p. 
890;  «c  1854,  4,  p.  949)  pp.  480,— 44,— 45.  HatoD,  AnnaUs  dm  Mines,  6me  S6rie,  yiU.  p|i. 
490-84. 
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the  total  yield  having  been  12675  tons  of  precipitate. 


The  rain-water — ^whlch  oeeasionallj  percolates  through  this  burnt  rabhish^ 
still  bears  with  it  to  the  preoipitation-pitSi  notable  quantities  of  the  sulphate  of 
copper  .A 

The  waters  which,  for  a  century,  have  giTen,^  and  still  continue  to  giTe,«  such 
ample  precipitates,  aforetime — like  the  stream  at  Dot^Jheynoff  in  Merioneth  4 
— deposited  their  riches  in  the  turf,^  through  which  they  rose  to  the  surface.* 

The  Parya  and  Mona  mines  now  drain  the  surface  so  thoroughly,  that — for 
want  of  firesh  eondensing-water— four,  of  their  fiye,  steam-engines  are  of  high- 
pressure. 

(1.)  "  The  Pary$  mine 
emits  annually  about  seven-hundred-million  gallons  of  water  impregnated  with 
copper.  This  is  collected  in  pits,  into  which  is  put  old  iron,  which  precipitates 
the  copper.  The  average  product  of  copper  is  from  66  to  60  tons  ;  and  the  iron 
consumed  in  obtaining  this  is  600  tons.  The  copper  found  in  these  waters,  as 
indicated  from  the  precipitate  obtained,  varies  from  4  to  30  per  cent.,  according 
to  the  wetness  of  the  season;  the  sample  I  procured  was  during  the  dry  season, 
and  consequently  rich  in  copper ;  its  specific  gravity  was  1*055  at  60^  F.  The 
solid  contents  of  one  gallon  weighed  4,960  grains,  which  gave  peroxide  of  iron 
1,680  grains,  oxide  of  copper  80  grains,  sulphuric  acid  3,040  grains,  moriatie 
acid  88  grains,  and  122  grains  of  earthy  matters,  which  were  not  examined.  In 
order  to  ascertain  whether  the  copper  might  be  extracted  more  cheaply  by  means 
of  a  galvanic  current,  or  what  is  known  as  the  electrotype  process,  than  bj  the 
ordinary  means  of  precipitation,  a  piece  of  iron,  wrapped  in  a  strip  of  brown 
paper,  was  attached  to  a  piece  of  copper,  and  both  were  immersed  in  a  solution 
of  copper  ore,  in  the  muriatic  acid,  to  be  examined.  The  first  action  which  took 
place,  however,  was  the  complete  reduction  of  the  persalt  of  iron  to  the  state 
of  protosalt,  at  the  expense  of  the  copper  pole :  after  which  the  electric  current 
began  to  effect  its  object,  the  copper  being  deposited,  but  from  the  copper  which 
had  been  dissolved  having  also  to  be  [precipitated],  the  consumption  of  iron  was 
658  grains,  whilst  the  actual  increase  in  weight  of  the  copper  pole  was  onlj  64 
grains,  the  quantity  of  copper  originally  held  in  solution.  4k  4k  4k  Different 
arrangements  of  batteries  were  tried ;  platinum,  silver  and  lead  were  also  sub- 
stituted for  the  copper,  but  in  no  case  was  a  deposit  obtained  from  the  water  until 
the  iron  was  first  brought  into  a  state  of  protosalt;  but  when  this  was  effected, 

a  Tbomsf  Finning  Evans,  Esq.,  of  Mens  Lodge,  Amdwcta,  Saperlntendent  of  the  Mlona  Ifine 
and  Smelting  Works,  MSS. 

b  AnUt  p«  570,  Note  o. 

c  Pottm,  pp.  581—4,  ToNsXVJJJ.a 

d  Henwood,  lUporU  of  th§  Boyol  IntHiuiUm  qf  CommaU,  xzxvili.  (1850),  p.  41.  Ramsey, 
Mtmoiri  of  iho  Oootoffioal  Survey  <if  Oroat  Britain,  Ul.  p.  46, 

§  In  the  neighbourhood  of  Dolgelley  it  is  believed  that  the  presence  of  copper  In  the  soil,  is 
indicated  by  the  growth  of  the  sea-pink  gr  Tturift  (SUUict  JLrmtriaJ,  wliich  flourlsli<»  in  such 
spots  with  remarkable  luKuriance. 
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and   the  proportion  of  copper  during  the  period- 


I  obtained,  by  the  method  described  63  grains  of  copper  by  the  loss  of  53  grains 
of  iron.  %  %  % 

**  Both  sine  and  iron,  when  put  into  the  persalts  of  iron,  first  reduce  the  per- 
salt  to  the  protosalt,  which  fully  accounts  for  the  great  consumption  of  iron  for 
the  small  [proportion]  of  copper  obtained  from  these  waste  waters  of  mines,  and 
not,  as  was  generally  supposed,  from  the  existence  of  free  acid ;  the  copper  is 
never  all  precipitated  from  the  water  so  long  as  persalts  of  iron  exist  in  the 
solution." 

Napibb,  Lond,  Edin,  ^  Dublin  Phil  Mag,  xxnr.  pp.  365—70  (abridged). 

The  following  columns  show  the  quantities  of  Iron  consumed  and  Precipitate 
obtained,  the  respective  proportions  of  the  Precipitate  and  of  the  Fine  Copper 
to  the  Iron  consumed,  and  of  the  Fine  Copper  to  the  Precipitate,  at  the  Paryt 
mines,  during  the  years  1862 — 6. 


Qaantitlet 
of 

A 

Proportion! 
of 

f 

Iron  in  use. 

Tons  (Av.) 

Iron 
coninmed. 

Tons  (ilv.) 

Precipitate 
obtained. 

Tons  {Av.) 

r 

Precipitate 

to  Iron 
confumed. 

Fine  Copper 

Tean. 

r     " 

to  Iron 
consumed. 

to 
Preelpltote. 

1862. 
1863. 
1864. 
1865. 
1866. 

The  quantity  of  Iron  in 
use  averaged  from  900 
to  1,000  tons. 

568 
599 
611 
418 
550 

363-8875 
327*2500 
296-7375 
284-8875 
2711250 

0-6406 
0-5463 
0-4857 
tO-6887 
0-4929 

0*1425 
01325 
01325 
0-1112 
01425 

0*0911 
00723 
0-0644 
00766 
00702 

Totals. 
Means. 

— 

2,746 

1,546-8875 

0-5633 

0-1326 

00746 

Mb.  Jakbs  Williams,  Accountant  at  the  Mines,  MSB. 
(2.)  At  the  Mona  mine — 

the  copper-ores  calcined  from  the  beginning  of  1832  I  .,./.  a^a*^^^  rj^^m  i, 
to  an  early  part  of  1862  amounted  to J  ^^^'^^*  ***"'  ^^'^'^'^ ' 

but  since  that  time  they  have  been  differently  treated ; — 

the  iron  in  use — reckoned  annually — between  1832  and  )    q^  oqa 
1866,  was,  in  the  aggregate J    ^^'^^^    " 


of  this  the  (light-iron)  worn-out  utensils 
whether  of  iron  or  tin-plate,  and  small 
scraps,  indifferently  of  wrought  or  cast 
metal     , ,. 

and  the  (heavy-ironj  broken  machinery  I 
and  other  heavy  janks  of  cither  kind  . .  y 


weighed    61,973    „ 


II 


34,923 


i> 


» 


It 


tf 


582 


W.  J.  Henwood,  on 


ranging  from  0*1500  to   0*6537-^  having  averaged, 
during  the  ten  years,  0*4452  its  weight 


*^peK?d^?.rV^?.!?^.T!f  f.'^^^^        ""*  [weighed  30,386  tons  M«»r.j; 


of  which  the  light-iron. 


II 


24,087 

II 

M 

6,299 

II 

II 

80,785 

II 

II 

2.977 

II 

»» 

the  |»wctpi<a<0  eollected    ..;. •••••• 

the  fine  copper  obtained^  ....•••• 

The  following  oolomns  show  the  proportions  of  ore,  iron,  and  copper,  treated, 
consumed,  and  obtained,  at  Tarious  times  and  under  different  circumstances; a 
but  Toble  XVIIL»  mentions  them  in  greater  detail. 


Proportioiii 

A 

f 

of  PncipIUto       1 

of  Flno  Copper 

Ptilods. 

of  Iron 
ooDtamed. 

to  Iron 
in  UM. 

to  Iron 
oonaiunod. 

to  Iron 
tn  UM. 

to  Iron 
oomumed. 

_.         .  ^ 

to  Predpi- 
tata. 

1832—36 

0-3228 

0-3383 

1-0482 

0-0338 

0*1048 

0*0999 

1887—41 

0*2978 

0  3663 

1*2267 

0*0374 

0*1266 

0*1024 

1842—46 

0*2341 

0  2472 

1*0660 

0*0288 

0*1230 

0-1164 

1847— 62  » 

0*3196 

0-3102 

0-9703 

0-0346 

0*1082 

0*1116 

1863—67* 

0-8136 

0*3414 

1-0961 

0*0239 

0*0763 

0-0697 

1860-66» 

0*3990 

0  3207 

0-8036 

00281 

6*0704 

0*0876 

First  fifteen  years  .. 

0*2794 

0-3092 

1*1066 

0*0328 

0*1176 

0*1067 

Last  sixteen  jears  ^  . 

0*3379 

0*3261 

1 

0-9620 

0-0290 

0*0868 

0*0892 

r  Highest. 
Extremes  < 

C  Lowest  . 

0*6048 
0*1716 

0*4931 
0-2233 

1*8803 
0*6606 

0*0668 
0*0173 

0*2072 
0*0649 

0*1373 
0*0682 

Means  •••••••••• 

0*3136 

0*3175 

10239 

00308 

0*0993 

0*0969 

a  The  snnasl  fkU  of  rain  at  the  Mona  mine  hat  been 

In  1801  ...•  44^  inches i    I    1864  ....  88*80 Inebes ; 
9  ....  40-14     „  I  5  ....  44*17      „     ; 

8  ....  40-88     „  I         6  ....  49*98     „      . 

Tboxas  Favxivo  EwAxa,  Esq.,  M88. 

b  The  Retitnu  for  1880,^7,-8,  k  —09  are  inoompleto. 
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The  broken  machinery  and   worn-out  tools  used 


r  the  weight  of  iron  in  km 

exceeded  an  average. . 


fell  short  of 


99 


tbe  proportion  of  iron  eontumed 
exceeded  an  average .  • 


fell  short  of 


If 


Proportions 

-  ^ 


of  Iron 
contomed. 


\  the  proportion  <^  precipitate  to 
iron  in  nie 

exceeded  an  average  •» 
fell  short  of     ,i         • . 


o 


the  proportion  of  precipitate  to 
iron  consumed 

exceeded  an  average. . 

fell  short  of     „ 

the  proportion  of  fine  copper  to 
iron  in  we 

exceeded  an  average.  • 
fell  short  of     „ 

the  proportion  of  fine  copper  to 
iron  confnmed 

exceeded  an  average. . 
fell  short  of     „        •  • 

the  proportion  of  flne  copper  to 
precipitate 

exceeded  an  average. . 
fell  short  of  „        .. 


0-2923 
0'3617 

0-3783 
0*2529 

0-3291 
0-2958 

0-2649 
0-3428 

0-3153 
0-3074 

0-2671 
0*8570 

0*3082 
0*3357 


of  Precipitate 


to  Iron 
In  uee. 


0-2976 
0-3545 


to  Iron 
consumed. 


0-3841 
0*2673 


0-3722 
0-2817 


0-9106 
1-1004 


of  Fine  Copper. 
A 


0*3765 
0-8842 


1*1585 
0-9157 


to  Iron 
In  use. 


00289 
0-0342 


to  Iron 
consumed. 


0-0343 
0-0280 


0  0340 
0-0247 


•  •  • .  • 


0-0874 
01084 


to  Precipi- 
tate. 


0-1326 
00863 


0*1279 
00762 


00973 
00966 


0  0960 
0*0985 


00894 
0-1050 


00964 
00976 

01073 
0-0877 


0*1104 
0-0832 

0*1114 
0-0763 


Of  the  ochre,  which  is  continually  formed,  17)833*06  tons  (Avoir* J  have  been 
prepared  for  sale  since  1860 ;  namely— 
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in  the  precipitation  works,  comprise  a  much  larger 


1861  2,56706  tons, 

2 2,061-92    „  , 

3 2,232  81     M  , 

4 2,492*30 


ti 


1865 2,016  98  toxu, 

6 3,175*84    ,,  • 

7 3,28615 


»  t 


beside  great  quantities  which  escaped  to  the  sea, 

"  The  water  from  different  parts  of  the  mine,  contains  nncqaal  proportions 
of,  more  than  one,  metallic  salt;  as  the  works  are  extended,  indeed,  they  open 
at  times  springs  of  various  qualities ;  generally  speaking,  howcTer,  the  streams 
issuing  from  the  great  metalliferous  deposit  and  from  the  qusrtxose  rocks  on  the 
8.,  are  more  highly  charged  with  the  sulphates  of  iron,  and  copper,  than  those 
flowing  from  the  less  siliceous  slates,  and  from  the  smaller  productive  (beds) 
'  lodes  *  which  interlie  them  towards  the  N.  Soon  after  the  wet  season  sets  in, 
the  mine-water  becomes  more  abundant,  and  the  precipitate — increasing  in  some 
proportion  to  the  rain — is,  at  the  same  time,  both  larger  and  richer  than  during 
any  other  period  of  the  year.  The  proportion  of  solid  matter  contained  in  this 
water,  as  it  flowed  from  the  pump  in  February  1868,  was  about  (0*0304  its  weight) 
thirteen  thousand  four  hundred  and  thirty-eight  grains  to  the  cubic  foot. 

**  As  precipitation  takes  place  more  slowly  In  cold,  than  in  warm,  weather;  all 
mine-water  is  retained  in  tanks,  and  the  works  are  suspended,  during  frost." 

Thomas  Fannimo  Evans,  £sa.,  MSS. 

(3.)  At  the  Devonshire  Great  Consolidated  Copper  Mines  a  the  water  contains 

generally  less  than  thirteen  grains  (about  0*00003  its  weight)  of  copper  to  the 

cubic  foot ;  a  quantity  too  small  to  repay  the  cost  of  extraction.    The  streams 

which  enter  the  shallower  levels  near  the  Wheal  Josiah  and  the  Whe€U  Maria 

shafts,  are,  however,  more  highly  charged ;  but  that  of  the  former  is— -on  its 

way  to  the  surface — ^mixed  with  the  less  richly  impregnated  water  from  the 

deeper  works.      The  following  columns  comprise  both  the  elements  and  the 

results  of  the  precipitation  carried  on,  at  these  respective  parts  of  the  mines  in 

1866. 

Wheal  Jotiah.    WJkeal  MarUu 

QUAHTITXBS. 


Copper,  grains  of  per  cubic  foot  of  water 29*15 

precipitate,  obtained,  tons 17*00 

fine,  contained  in  the  precipitate,  tons  .  • .  •  7*90 

Iron  in  use,  constantly  maintained  at,        „      ...»  36*00 

consumed • •••        , 30*80 


f> 


n 


$t 


II 


... 


48-02 
12-00 
6*00 
19*00 
24-00 


PBOPOBTZOVS 


Iron  consumed    •  •  •  •  to  iron  in  use  •  •  0*4611 

Precipitate  obUined  „  0*2545 

Fine  copper  in  precipitate    „  0*  1 183 

Precipitate  obtained  to  iron  consumed    0*6519 

Fine  copper  in  precipitate    „  ....••  0*2565 

Fine  copper  in  precipitate   ......••• 0*4647 

a  AnU,  pp.  457—8,  TabU  XIV. 


•  •  •  a 


•  •  ■ 


0*5581 
0-2791 
0*1395 
0*5000 
0*2500 
0*5000 


■-     - 
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proportion  of  cast,  than  of  wrouglit,  iron  ;  but  especial 


The  qaantity  of  water  is  smaller,  but  it  contains  a  larger  proportion  of  cop- 
per, in  summer  than  in  winter. 

The  iron  is  frequently  dissoWed  by  water  which  deposits  no  oopper.a 

Extracts  from  Official  Rscardt,  by  M&,  Isaac  Bichasds, 
Accountant  at  the  Mines. 

(4.)  At  Wheal  i^^or— an  abandoned  mine  near  Crow's-nest  in  the  Caradon 
district  ^ — copper  has  been  deposited  for  some  years,  by  the  adit-wtiiex  in  which 
the  (Alga)  Mou^eotia  thriTcs,  eyen  whilst  it  adheres  to  the  precipitated  metal. 

The  precipitate  obtained  is  about  0*7500  the  weight  of  the  iron  consumed, 


the  fine  copper        „        from 


M 


(  0-2250  ) 
I  0  2626  ) 
j  0-3000  I 
1  0'3600  ) 


M  >» 


„        from  }     to       >  yy      the  precipitate. 


(5.)  "  About  sixty  years  ago  [the  precipitation  of  copper  by  iron]  was  first 
observed  by  Mr.  Coster  in  Chacewater  Mine  near  Redruth;  for  after  he  had 
drawn  out  the  water,  which  had  been  in  the  mine  for  several  years,  he  found  the 
poll  of  a  pick-axe  wholly  encrusted  with  a  case  of  malleable  Copper  between 
two  and  three  pounds  in  weight.  This  it  was  justly  supposed  was  observed  by 
the  workmen,  some  of  whom  afterwards  settled  at  Cranbaun  Mine  in  the  county 
of  Wicklow  The  water  of  Cranbaun  having  this  vitriolic  acid  in  a  very  high 
degree,  Capt.  Thomas  Butler,  who  was  one  of  Redruth,  and  manager  of  that 
mine,  persuaded  the  proprietors  to  adopt  the  scheme  of  precipitating  copper,  of 
which  they  have  made  for  many  years  past  and  now  continue  to  make  very  con- 
considerable  profit."— Pat CB,  Mineralogia  Camubiensia  (1778),  p.  231. 

About  1830,  some  small  parcels  of  copper,  precipitated  from  the  mine-water 
with  lime  at  Whe<il  Falmouth,  realized  at  the  ticketting  from  £8  to  £9  per  ton. 

Jamsb  Thbwbbk,  Esq.,  of  Chatham  Lodge,  sometime  Manager 
of  Wheal  Fahnouth,  MSS. . 

(7.)  The  Great  (Gwennap)  adit  extends  its  several  branches  in  different 
directions  between  thirty  and  forty  miles,  through  the  most  productive  copper- 
district  in  Cornwall ;«  draining  an  area  of  five  thousand  five  hundred  and  fifty 
acres ;  and  discharging — after  the  drought  of  summer  less  than  nine  hundred, 
— after  the  rains  of  winter  nearly  two  thousand  nine  hundred, — and  on  an  aver- 
age about  fourteen  hundred  and  fifty,  cubic  feet  of  water  per  minute.^    This 

a  Ante,  p.  580. 

b  PotUa,  pp.  6M— 80. 

eThomaf,  Btpert  on  the  Mining  Diatriet  from  ChoMmater  to  Camheme,  p.  98;  Eittory 
of  Falmouth,  p.  88.  Henwood,  PhiL  Mag,  4*  Annalt,  ix.  (1881)  p.  170,  ComneaU  GeoL 
Trotu.,  V.  pp.  80*,  4SS~6. 


J 
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account  was  not  taken  of  the  quantities.    It  is  believed, 
however, 

that  the  precipitate  obtained  was  about  (four-fiftha)  0*8000  the  weight  of  the  iron 

consumed; 
in  which  ease 

the  copper  must  have  been    , 0*3662  „  n 


stream  has,  at  different  times,  varied  in  temperature  from  60^*5  «  to  69^*25.^ 
In  August,  1867,  a  cubic  foot  yielded,  on  evaporation,  seren  hundred  and  fliiitj- 
fiye  grains  of  residuum,  which,  for  the  most  part,  consisted  of « 

Iron.  Sulphuric  acid. 

Calcium.         Hydrochloric  acid. 

Sodium, 
with  traces  of  other  substances.<( 

It  is  a  remarkable— and  perhaps  a  characteristic^circumstanee,  that  notwith- 
standing the  Grwxt  Adit  had  been  extended  to  the  western  boundary  of  PoUdiee, 
as  early  as  1768,  by  Mr.  Williams;  •  and  that,  in  the  interval,  a  tide-drift  from 
it  had  been  opened  to  the  very  (ChacmoaterJ  mine  in  which  the  precipitation  of 
copper  by  iron  had  been  observed  about  1728/  by  Mr.  Coster ;  no  snocessAil 
— if  indeed  any — attempt  was  made,  to  extract  the  water  contained  in  the  adit^ 
water  which  had  for  so  many  years  passed  into  the  sea  at  Bestronguet  until  late 
in  the  present  century.  In  1854,  however,  Mr.  Bichard  Symons,  of  Twelve- 
Heads,— who  had  gained  some  experience  in  the  mines  of  Cuba, — opened  pre- 
cipitation-pits on  the  stream,  and  the  success  of  his  operations  stimulated  his 
neighbours ;  in  the  course  of  eight  or  ten  years,  therefore,  at  least  a  dosen 
other  parties  had  established  themselves,  on  its  banks,  between  Bissoe  and 
Tamon  Dean,  villages  a  mile  and  a  quarter  apart.  As  each  of  these  is  Indepen- 
dent of  every  other,  and  as  many  of  the  partners  in  all  are  themselves  the 

a  Henwood,  ComnoU  QtoL  Trant,,  v.  p.  411. 
b  Fox.  Ihidt  iU.  P«  316. 

e  QoaUtatira  analysis  bj  Mr.  John  Edgar  Wright,  A.  A.,  of  Pennnce. 
dOne  of  the  Wfmtl  Ctiffbrd  tributaries—which  issaed  trom  the  lods  at  a  tempeiatare  of 
lS6«-aflbrded  per  cabic  foot  of  water,  the  undermentioned  quanUtiei  of  taUne  matter; 
namely- 
Chloride  of  Lithium... • 1006*6  grains; 

„         Potaesiom  with  a  Uttte  Chloride  of  Ccesinm  ..       SO'M   „ 

„  Sodium  9,907*11    „ 

n  Mignesium 64*97    « 

„  Calcium..... 1,924-04    „ 

Sulphate  of  Calcium  • 76'ia    „ 

StUea   93-86   „ 

Oxides  of  Iron,  Aluminum,  and  Hagnesium    • . . ,  in  minute  quantitiee. 


8,05S-88  grains. 


MxxjAB.  Btport  qfths  Britith  JMoekMon  tat  1864,  Psrt  ILp*  96. 
e  Henwood*  ComnaU  Q^ok  aVone.,  t.  p.  80«. 
fPryee,  MineraloifUi  CanuMmuU,  p.  931.    AfiU,  p.  985. 


v«^a 


^  '       •         ■     *•    w-  ^ 


Copper^Mines  in  Ireland. 


687 


The  following  comparisons 


Proportion  of 

A 


Prsdpltateto 

.     -  .  A 

Fine  Copper  to 
--    ^ 

Mfai««ad 
poriods. 

Roek. 

Iron 
etrntumod 

f       '     -  ■  ' 

Iron 
In  ttM. 

> 

Iron 
conaamed. 

r    ' 

Iron 
coBsnmeda 

Pnelpl- 

Proefpitate 

to 

Water. 

£  Ig38 0.. 

0-3226 

0*3216 

-1 

0-9969 
0-4800 

0-4000 
0-8000 

0-2100 
01400 

0-3662| 

0-4400 

0-3500 

0-4634 
0*4207 

0-00020000 

C  1861—2.. 

Olaj-alntab 

1862  .... 
r  1862— 6.. 

Clty-tlato.' 

— 

\  1867-61 . 

OUy-«lnt«. 

— 

workmen;  it  his  been  foand  impossible  to  obtain  full  partioiilars  of  their 
operations. 

In  each  series  of  (ttrip»)  pits 

the  iron  in  use  is  commonly  maintained  at 4  or  5  tons, 

and  bj  the  consumption  of  •••• from2to2|    „ 

a  precipitate  of •••• ..••• about. •  •  •  1  ton 

is  obtained.^ 
The  precipitate  collected,  has,  for  some  time  past,  ranged  f^om  eighty  to  one 
hundred,  and  aTeraged  about  ninety,  tons  a  year.^ 

The  proportions  of  fine  copper  it  has  afforded  at  different  times  are  shown  in 
the  following  columns : — 


Taon. 

Highaat 

1864 

• 
6 

6 

7 

0-6162 
0-6875 
0*6875 
0-6150 

Bxtremes  • .  •  * 
Mean 

0-6162 

Lowaat. 

ATanga. 

0-1500 

0-3329 

01200 

0-4054 

01200 

0*3703 

00626 

0-4037 

0-0625 

_ 

— 

0*3900 

HowABD  Bajtxabt,  Ebq.,  Managing  Partner  of  the  Red  Jacket 

Copper  Works,  Briton  Ferry,  South  Wales,  MSB. 

alb,  John  NInnataof  Twalra-Baada;  a  Proprietor  of  Praelpitation- works. 

h  Bmrj  Williama,  Eaq^  of  Alma  near  Tmro,  Sampler  and  Shipping  Agent  of  Maairs.  YlTlaa. 
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show  that  the  water  now  yields  smaller  proportions  of 
copper  than  it  formerly  yielded. 


The  proportions  of  the  results  obtained  are,— 


to  Iron  in  use. 

to  Iron  consumed. 

to 
Precipitate. 

Iron  consumed  ...• 

0-4000— 0-6260 

PrecipiUte 

0*2000— 0*2£00 

0*4000— 0-5000 

Fine  Copper 

00125— 0-1540 

0*0250— 0*3081 

0*8900 

»l 


)t 


» 


Taking,  therefore, — 
the  ayerage  discharge  of  the  adit  a at  1^450  cubic  feet  per  minute ; 

quantity  of  saline  matter  contained  j        73  -  ^^,        ^y^  ^^^ 
m  the  water  • >  "  »  «^ 

„  precipitate  obtained^  ..  „      90  tons  per  annum; 

proporaonofJne^«.pp.r^««Ulned|,,       0-890  if  wdght; 

the  salu  amount  to about  0*001220  the  weight  of  the  water 

„  precipitate  amounU  to „      0*00000428  »,  „ 

„  fine  copper        i,  •••• u     0*00000165  »,  ,» 

that  U  to  say,  428  parU  of  precipiUte   i   ^  extracted  from  100,000,000*  parts 
containing  165       „        fine  copper  )  ^f  water. 

or  (thraa  thoutaad  m?0Ii') 

handrad  and  alghtj-  >  one  hondred  sad  five  toni  of  water  yield  about  one  poand  of  prt- 
four  cable  ffMt) . . . . )  dptcalc; 

M  (nine    thontand    tlz) 

hundred  and  ninety-  V  two  hnndred  It  Mtenty  „        »  n  t* 

three  eublo  fJMt)  ..  j 


9i  fine 


The  foregoing  approximations — although  as  close,  perhaps,  as  our  present 
means  of  information  permit— make  no  pretension  to  muwU  accuracy;  they 
show,  howcTer,  the  remarkable  means  by  which  many  industrious  families  earn 
a  comfortable  liyelihood. 

The  precipitate  is  both  richer  and  more  abundant,  in  winter  than  in  summer ; 
and  at  all  seasons  it  is  of  better  quality  in  the  upper,  than  in  the  lower,  part  of 
the  stream.  When  tinned  iron  is  used  as  a  precipitant,  the  deposit  obtained 
affords  metal  of  much  the  same  kind  as  that  smelted  from  tinny  copper-oi%. 

In  this  water,-— as  in  that  of  Wheal  iljur,d^the  (Alga)  Mougeotia  flourishes. 

Although  the  seyeral  tributaries  of  the  adU  rise  in  the  Parishes  of  Redruth, 
Kenwyn,  and  Gwennap,  the  owners  of  land  abutting  on  lower  parts  of  its  stresm, 
in  Kea,  Feock,  and  Perran-ar-worthal,  claim  (Royalty)  Thin — in  two  or  three 
cases  of  one-tenth,  but  generally  of  one-fifteenth — of  all  precipitate  collected  in 
piU  opened  on  their  respectiye  freeholds. 

(8.)  **  The  water  issuing  from  the  adit  at  2VMaeeaf»,  often  yields  a  copioui 

a  Ttaomat,  CommtM  Gsot.  Traut.,  t.  p.  429.    Henwood.  Ikid,  p.  488.    Ante,  p.  WO. 
b  Ante,  p.  S80.  ■   e  Ante,  p.  687,  Note  b,  d  Ante,  p.  065. 
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At  Ballygahan  precipitation   has  long  been   dis- 
continued. 


precipitate ;  though  sometimes  it  dissolTes  the  iron  immersed  in  it,  yet  deposits 
but  little  copper  instead-a  The  precipiute  contains  from  0-10  to  0-30  iU  weight 
of  pore  metal."    Captain  Thomas  Blaxbt,  of  Lanner  near  Redruth,  M88. 

(9.)  *'  Experiments  have  been  made  lately  on  the  water  which  flows  from  the 
cdiU  of  Dolcoath^  Cook*9'kUchen^  Wheal  Crofty,b  and  North  Botkear,e  but  with 
little  success;  nor,  in  fact,  has  any  copper,  worth  notice,  been  observed  in  the 
calcareous  sand  d  through  which  it  escapes  into  the  sea  at  Gwithian." 

William  Cock  Vitian,  Esq.,  of  North  Roikear,  MSB. 

(10.)  **  The  following  description  of  the  process  of  cemei^tation  applies  gene- 
rally to  the  mines  of  the  prorince  of  Huelya.«  The  ore  is  first  calcined,  in  heaps, 
yarying  in  dimensions;  a  common  measurement  for  the  base  of  the  truncated 
pyramid  is  12  metres  by  7  metres  [89*3  by  28*0  feet] ;  the  usual  height  is  about 
1  metre  [nearly  3*3  feet] ;  such  a  heap  contains  about  4,000  quintals  [181  tons 
Avour,),  The  cost  of  calcination  •  •  •  ,  labour  and  fuel  included,  was,  in 
18/S9,  36  cents  per  quintal  of  ore,  equal,  to  1«.  7}^.  per  ton.  The  time  required 
to  complete  the  operation  is  from  fire  to  six  months.  The  heaps  are  open  to  the 
sir,  and  have  no  covering  of  any  sort.  •  •  •  The  ore  is  said  to  lose  about  20 
per  cent,  of  its  weight  in  the  operation  of  calcination. 

**  The  ealdned  mineral  is  [conveyed]  to  the  lixivation  tanks,  [which]  are  gene- 
rally constructed  of  rough  masonry,  and  lined  with  asphalte ;  their  dimensions 
vaiy  considerably,  but  the  most  common  size  is  7  metres  long  by  4  J  wide  ^nd  1 
deep  [230  X  14'2  X  3*3  feet].  They  are  two-thirds  filled  with  ore,  and  con- 
tain about  2,000  arrobas,  say  23  tons  nearly.  The  length  of  time  the  ore  is 
allowed  to  remain  in  the  tanks  varies  in  different  establishments ;  it  depends  on 
the  quality  of  the  ore,  and  the  greater  or  less  perfection  of  the  calcination.  At 
Rio  Tinto  from  seven  to  nine  days  usually  suffice,  but  at  La  Chaparita  twelve 
days  [are  sometimes  required].  The  waters  are  drawn  off  and  renewed  as  often 
as  necessary;  the  first  water  is  saturated  in  two  or  three  hours,  the  last  is  left 
as  many  days. 

*'  From  the  lixivation  tanks  the  water,  charged  with  salts  of  iron  and  copper, 
passes  to  those  of  cementation  }  the  latter  being  of  nearly  the  same  form  and 
dimensions  as  the  former.  In  them  are  placed  pieces  of  pig  iron  forming  squares, 

"  During  winter  it  is  found  necessary  to  agitate  the  water  to  accelerate  the 
precipitation  of  the  copper,  but  during  the  hot  season  this  is  not  much  practised. 

I 

a  Napier,  London,  Edin,,  ^  Dublin  PkiL  Mag.,  zxi?.  pp.  865,-70.    AnU,  pp.  SSO— I.  I 

b  Prjce,  Mineralogia  Conmbiemis,  p.  232. 

c  Thomai,  Ante,  p.  8M,  Note  t  i 

d  Henwood  (Pepper's  Play-booh  oftho  UetaU),  p.  275. 

•  Ante,  pp.  548— 6» 
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The   vale  of  Ovoca  was  long  celebrated  for  the 


When  the  solation  has  been  sufficiently  impoTerished  it  is  dnwn  ofT  into  a  third 
tank,  and  left  to  deposit  the  snbsalto  of  iron  held  in  suspension ;  the  rcsnlfiBg 
precipitate  is  found  to  contain  10  per  cent,  of  copper  and  a  good  deal  of  arsenic. 
After  the  solution  has  been  drawn  off  from  the  cementation  tanks,  the  pigs  of 
iron  are  freed  from  the  copper  adhering  to  them,  and  the  predpiute  is  eolleeCed. 
This  assays  about  65  per  cent  for  copper,  and  Taries  from  60  to  60  per  cent. 

**  The  iron  oonsumed  in  cementing  at  the  Bio  Tinto  mines  for  the  year  1869 
was  2*17  to  1  of  copper. 

'*  The  quintal  of  calcined  mineral  costs  for  expenses  of  liziTation  and  ec- 
menUtion  1  real  72  e.  or  4J<<.  nearly."  [7s.  Qfcf.  per  ton  Awir.1 

Thomas,  Notei  on  the  Uine$  of  Bio  TVnlo,  pp.  14—16 ;  Mitiing  amd 
SmeUmg  MagoMme,  x.  p.  116, 

(11.)  "At  the  Lueenfia  mines,  near  YaWerde  in  the  same  Province,  the  mine- 
water  is  passed  through  heaps  of  calcined  ore  on  its  way  to  the  pita ;  in  which  a 
precipitate,  containing  f^om  60  to  60  per  cent,  of  copper,  is  obtained  by  the  con- 
sumption of  four  or  fiye  times  its  weight  of  pig-iron." 

The  precipitate  is,  therefore,  from  0*20  to  0*26  the  weight  of  the  iron  consumed; 
„    fine  copper  „  „    0-10  „  0-16  „  „  „         ; 

,1  „  „  „    0*60  „  0*60  „        precipitate  obtained. 

Fbsdbbicx  Bavkabt,  Bsq.,  of  Langley  Lodge,  Herts,  MSS. 

(12.)  Precipitation — established  in  Cuba  by  me  during  1844— was  carried  on 
at  the  Santiago  P  mines  in  a  series  of  tanks  and  launden. 

Each  of  the  first  three  tanks  was  12  feet  long,  6  feet  wide,  and  6  feet  deep ; 
„  second  three  „      „    12    „      ,i   ,  6    „      „  ,  and  4    „       „  . 

As  the  surface  had  but  a  slight  slope,  each  tank  was  dirided  crosswise  to  within 
a  foot  of  the  bottom,  in  order  that  the  water  might  descend  on  one  side  of  the 
partition,  ascend  on  the  other ;  and,  at  length,  pass  off  through  knmdere,  about 
two  feet  in  width,  and  a  foot  in  depth. 

In  each  compartment  of  eyery  tank  three  or  four  wooden  racks  were  laid  with 
wrought  iron  bars,  and  the  launders  were  supplied  with  scraps  of  iron.  The 
weight,  of  both  sorts,  in  use  was  maintained  at  about  one  hundred  tons.  The 
water — in  time  of  drought  as  little  as  ten, — during  rain  as  much  as  one  hundred 
and  fifty, — and  on  an  aTcrage  perhaps  (3*2663  cubic  feet)  twenty,  gallons  per 
minute — filtrated  through  heaps  of  (halvantj  inferior  ore,  the  refuse  of  seyeral 
prcTious  years,  on  its  way  to  the  tanks. 

Bar-iron,  direct  from  the  Manufacturer,  "^ 

extracted  from  water  of  good  Sabout  1*2000  its  weight  of  precipitate; 
strength    j 

„        of  like  quality,  threw  down,  I  .  .  , 

from  water  of  less  strength,  J     "     ***  ^^  ^^'^at 

but  small  scrap,  and  rusty,  iron,  sepa-  >  a.7'77a 

rated  from  weaker  solutions  .... J     "     "  '  /'" 

a  Antted,  Journai  of  the  OeoU  8oe*,  xii.  pp.  144-S3.    Antt,  p.  441,  TaMe  XIV, 
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variety  and  beauty  of  its  scenery ;    but  the  railway 


The  precipitate  contained  in  bat  a  single  instance  less  than  0-7000  its  weight  of 

fine  copper; 
„  p,        in  another  case  as  much  as  ... .  0*8950  „        , 

„  „         on  an  average 0-7500  i,        . 

The  mean  monthly  returns  of  precipitate  were  about  five  tons. 

Jambs  Tbewbbk,  Esq.,  sometime  Superintendent  of  the 
Boffol  Santiago  Minu,  M8S. 
Kowif 
the  quantity  of  water  amounted  to  (20  gallons)  8*2663  cubic  feet  per  minute,— 

f,  precipitate     „         6*         tons  per  month,— 

and  the  precipitate  yielded    0-7500  its  weight  of  fine  copper ; 

the  water  must  have  afforded  0*00125297  ito  weight  of  precipitate, 
&  „  „       0*00093973  „  fine  copper. 

One  poimd  of  piedpltata  was,  thwefore, obtshij^ I  ^Ijj^^l^j^^j  ^ 

„  fine  copper  „  „         (17       „       )  1,084,,  (0-47   „)       „      ; 

this  water  must  consequently  have  been  more  than  fire  hundred  times  as  rich  in 
copper  as  the  stream  of  the  Grtat  (Gwennap)  Adit  is  at  present.^ 


(13.)  "  When  the  Cobre^  mines  were  in  full  work,  they  afforded  from  sixteen 
to  eighteen  tons  of  rich  precipitate  per  month  for  many  years.  •  •  •  But 
since  underground  operations  have  been  confined  (almost  exduslrely)  to  the 
deep  letwZf,  where  the  ore  consists  altogether  of  hard  compact  copper  pyrites, 
the  quantity  of  precipitate  obtained  has  been  much  reduced ;  and,  with  the 
present  diminished  scale  of  operations,  it  probably  does  not  exceed  five  or  six 
tons  per  month,  whilst  the  quality  is  Tory  inferior." — Jons  Pbthbriok,  Esq., 
F.O.8.,  Consulting  Engineer  of  Thb  Cobbb  Miming  Coxpakt;  MSS. 

During  1854,-5, — 6,  and  1864,^6, — 6,  respectively,  the  undermentioned 
quantities  and  qualities  of  precipitated  copper  f^om  the  Coire  mine,  were  sold 
at  Swansea:— 


Qttsntity  of 
PrectpiUts. 

Tods  {Avoir,) 

Proportion  of  Flos  Copper  In  Preetpltats. 

Tssn 

Highmt. 

Lowstt. 

... .  ^ 
Meaa. 

1864     

244 
285 
193 

0-7737 
0-7462 
0-7700 

0-6100 
0-4500 
0-5300 

0-6891 

6    

0-6745 

6     

0-6504 

Total   

672 

0-7737 

0-4500 



Extremes    •••••••• 

Mean •••• 

0*6736 

1864     

180 
168 
278 

0*7225 
0-7100 
0-7500 

0*3600 
0-4750 
0-3750 

0*6298 

5       

A       

0*5628 
0-6300 

Total    

621 

0-7600 

0-3500 

^^^ 

Extremes    

Mean    

0*6123 

JoHif  Williams,  Esq  ,  Agent  at  Swansea  for  Thb  Govbbmor  and  Coxpamt 

OF  COPPBB  Ml N  BBS,   MSS. 

a  Ant4,  p.  568.  b  AnU,  p.  441,  TabU  XIV, 
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and  miue-works  have  destroyed  much  of  its  suriace 
and  poisoned  most  of  its  water. 
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The  Knockmahon  Mine,  immediately  E.  of  Bonma- 
hon,  in  the  county  of  Waterford,*  has  been  wrought 
both  inland  and  beneath  the  sea  in  rocks  of  the  Silurian 
system,  on  several  lodes. 

(a.)  The  metalliferous  slates  range  nearly  N.E* — 
S.W. ;  and  dip  towards  the  S.E«  at  various — but  always 
at  low — angles.  Their  cleavage — though  sometimes 
regular — is  mostly  uneven ;  and — whilst  occasionally 
flecked  with  some  pearl-white  substance— they  are 
generally  homogeneous,  In  S.E.  and  central  parts  of 
the  mine,  their  prevailing  tints  vary,  from  greenish 
and  bluish  black  to  greyish  green ;  but  towards  the 
N.W.  they  are  of  coal-black  hue.t    Massive  rocks  of 

*  "  Tradition  tells  of  ore  having  been  raised  from  Knockmahon  in  the  reign 
of  Elisabeth  and  at  other  periods  down  to  1730,  when  a  Mr.  Hume  worked 
profitably  the  Stage  lode  for  a  length  of  time.  In  1796,  and  some  years  sub- 
sequently, Colonel  Hall  and  Mr.  Galway  spent  a  large  sum  on  various  parts  of 
the  ground  unsucoessfully.  It  then  passed  into  the  hands  of  the  Hibernian 
Mining  Company,  and  in  1824  became  the  property  of  the  Mining  Company  of 
Ireland,  who  have  prosecuted  the  workings  continuously  to  the  present  time 
[1863]  with  varying  success ;  •  •  •  . 

**  Seven  steam-engines  and  six  water-wheels  assist  in  the  general  operations, 
#  •  •  The  water-power  is  principally  derived  from  the  River  Mahon,  being 
brought  to  the  dressing-floors  by  an  artificial  cut  three  miles  in  length ;  #  *  41 . 

"  The  ore  is  shipped  off  to  Liverpool  and  Swansea  by  veuels  that  (weather 
permitting)  come  close  in  shore ;  there  being  no  harbour  nearer  than  Dungarvan 
or  Waterford," 

Hobs,  Bgpkmation  io  aeootf^ptmy  ShetU  167, 168, 178,  and  179  of  the  Uapt 
and  Section  IZo/the  Qeokgical  Smvey  of  Ireland,  p.  81. 

t  **  The  eastern  portion  of  the  county  of  Waterford  consists  almost  entirely 
of  clay  slate.  •  •  •  In  the  vicinity  of  Bonmaghon,  copper  mines  were 
formerly  worked  to  some  extent,*'^ Wsaybb,  Oeol.  Trant,  t.  p.  248. 

'*  In  the  extreme  S.W.  comer  of  the  townland  of  Tankardstown,  *  «  «  we 
enter  on  a  mass  of  gray  slates  interstratified  with  some  beds  of  greenish-gray 
feldspathic  ash,  which  are  traversed  from  N.W.  to  S.E.,  or  across  their  general 
strike,  by  five  of  the  most  productive  of  the  Knockmahon  copper  lodes.  «  «  « 
This  brings  us  into  the  townland  of  Knockmahon,  the  western  portion  of  which 
is  formed  of  alternate  bands  of  pale  greenish-gray  felstone,  hard  gray  ash 
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felspar  and  quartz  are  exposed  in  several  of  the  works; 
and  a  well-defiiied  bed  of  felspar  and  hornblende 
approaches  the  black  slate  near  the  Mahon. 

(b.)  Several  of  the  lodes  and  many  of  their  branchet 
crop  out  in  the  cliff;  *  and  some  of  them  are  woriied 
beneath  the  sea. 


KXOOKMAHOM  IBMTM,  « 


LongltndiiMl  (MliMi  of  tb«  Btagt  ludi. 


Sokla  40  htbonu  ta  tha  inch. 
a.  LtY«l  of  lugh'Wttn  M  ludf-*priDg. 


(lonntiinei  oanUining  thla  I>7«t«  fanned  of  brokaa-np  fragmenu  of  trllobltMi 

uiOTinitM,  and  imall  cup  oonU),  and  earth;  fp».y  ilate,  fwmliig  a  porlian  of 

th«  rama  (Mica  ttt  roolu  jiut  notfcad  and  traTericd  USea  them  (htm  H.W.  t« 

8.E.  acrou  thdr  atrlka  by  Iha  Old  Stag*  Loda  and  ita  nnmaroat  brasehn,  and 

at  the  waatem  eitiamlt;  of  tha  townland  bj  Ibnr  minor  lodw.    In  the  axtnme 

N.W.  comei  of  tha  townland  we  find  a  thin  dj'ke  of  gracnatone  OTeihdd  by  a 

feUpatbia  a^  Uld  ■  layer  of  pnri^ah  brpwD  grit  dipping  to  the  S.B.  at  20°," 

Du  NoTBB,  fiipJOfuittinu  to  aaampaKy  SAtelt  167,  &D„  of  Oe 

Geological  Suntg  o/  Inland,  p.  C7. 

*  "  The  Tutkirdetonn  lode,  the  moat  eaatward  of  all  the  lodei  iX  EnockualiOD, 
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Their  directions  and  dips  are  much  the  same  as  those 

*  *  *  strikes  N.  W.  for  half  a  mile  from  the  coast,  when  it  strikes  to  the  N.N.  W., 
and  has  been  worked  at  detached  localities  for  a. farther  distance  of  half  a  mile. 
It  inclines  to  the  S. W.  at  angles  varying  from  the  horizon  from  62°  to  68°.  Sea- 
wards, this  lode  has  been  profitably  worked  for  the  distance  of  250  yards  from 
the  shore. 

"  Bowe's  lode  appears  in  the  cliff  at  the  distance  of  60  yards  to  the  west  of 
Tankardstown  lode,  which  it  joins  inland  at  the  distance  of  126  yards.  It  occurs 
on  the  line  of  a  fault,  and  strikes  N.  &  6,  with  an  inclination  of  W  to  the  west. 
At  the  junction  of  these  two  lodes  the  solid  copper-bearing  lode  was  nearly  70 
feet  in  width,  decreasing,  howeyert  rapidly  to  4  feet  as  it  was  followed  on  the 
strike  of  the  greater  lode. 

"  Boneyaught  lode  [which  succeeds  Bowe's]  has  been  traced  along  a  line  of 
fault  in  a  direction  of  N.  lO""  to  16°  W.  for  the  distance  of  half  a  mile  from  the 
coast,  with  an  inclination  of  50°  to  the  eastward,  but  it  has  not  been  worked 
beneath  the  sea. 

"  Sixty  yards  [from]  Boneyaught  lode  is  the  Kilduane  lode,  the  general  strike 
of  which  is  N.N.W.  from  the  coast  with  an  inclination  of  50°  to  the  eastward: 
it,  or  a  lode  resembling  it,  has  been  followed  inland  for  about  a  mile. 

**  A  hundred  yards  to  the  west  of  this  lode  is  the  Seven  Dials  lode,  which  has 
much  the  same  strike  and  inclination. 

**  All  these  lodes  occur  in  gray  slate  as  well  as  in  the  feldstone,  crossing  the 
bedding  at  right  angles. 

'*  At  the  distance  of  360  yards  west  of  the  Seven  Dials  lode  is  the  Old  Stage 
lode,  with  its  numerous  branches  and  ptrings,  discovered  close  to  the  coast. 
•  •  •  The  strike  of  the  Suge  lode  is  about  N.W.,  the  '*hade"  being  vari- 
able, but  generally  vertical.  When  the  '*  red  ground  (the  red  conglomerate  and 
shale  in  the  Silurian  rocks)  was  reached  under  the  crushing  floors  of  the  mine 
the  lode  was  lost,  but  it  is  supposed  that  to  the  north  of  these  beds,  under  the 
name  of  the  North  Mine  lode,  it  was  recovered,  and  it  has  been  worked  for 
over  three-quarters  of  a  mile  through  the  porphyritic  feldstone  into  the  townland 
of  Ballynasissla.  Here  the  lode  was  again  lost  where  the  black  slaty  band  on 
the  north  was  reached,  but  by  furtheroperations  in  the  neighbourhood  these 
black  slates  were  found  to  contain  copper  in  workable  quantities,  disseminated 
throughont  them  in  strings,  and  filling  op  small  cracks  and  fissures." 

Du  NoTBB,  Explanations  to  accompany  Sheets  167,  &o.,  of  the  Geological 
Survey  of  Ireland,  pp.  81 — 2.  (Abridged.) 

<'A  remarkable  fossiliferous  locality  occurs  on  the  shore,  close  under  the 
engine-house  of  the  Knockmahon  copper  mines,  which  Mr.  Du  Noyer  describes 
as  an  *'  ash  bed :  "  it  is  a  hard  bluish  gray  rock,  characterized  by  bands  of  the 
variety  of  Stencpora  fibrosa^  called  lycoperdon^  which  stand  out  from  the  rock 
where  exposed  to  the  sea  action  like  nodi^lar  concretions,  until  on  a  closer  ex- 
amination they  are  found  to  be  corals.  •  •  •  The  fine  Brachiopod  Orthis 
crispa,  so  frequently  occurring  throughout  this  district,  is  also  plentiful  here :  an 
uncommon  Oasteropod  shell  Raphistoma  elliptica ;  and  the  Trilobites  Phacops 
Brongniarti  and  Asaphus  gigaa  have  also  been  collected  at  this  place." 

Bailt,  Ibid,  p.  24. 
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maintained  by  the  lodes  of  the  St.  Jnst  district,*  by 
the  Cannier  lodes  of  West  Comwall,t  ^^^  hy  some  of 
the  lodes  in  Bearhaven.'^ 

The  following  columns  afford  comparisoos  of  the 
directions  and  dips  of  the  North  Mine  and  Stage  lodes 
with  the  direction  and  dip  of  the  rocks ;  as  well  as  of 
the  dimensions  of  one  lode^  to  a  depth  of  forty-six 
fathoms,  with  those  of  the  other  from  sixty-six  to 
ninety-six  fathoms  from  the  surface.^ 


JLodtt  Bnd  Boeki* 


NifM  Mine  Lode, 


Stoat  Ljode 


Clearage  of  Um  slates  | 


DtnetioM. 


88»— 46*»W.of 
N.^E.  of  a 

88<»— 46<»W.of 
N.^B.  of  8. 

NJB.— S.W. 


Dipfc 


N.E.  20*»— 

N.B.  60**— 
S,W.  60**. 

8.B.   10^*— 
40**. 


Dspths; 


8iirfeeeto46 


66—06 


1—16 


Both  the  lodes  contain  many  masses  of  slate,  of 
various  sizes,  but,  in  composition,  they  are  all  identical 
with  the  rocks  respectively  adjoining.  Some  of  them 
lie  imbedded  in  clay ;  but  by  &r  the  greater  numbers 
are  enveloped  in,  and  transfused  with,  siliceous  matter, 

•  Gsrne,  Comwatt  CM,  Ihuu,,  n.  p.  321.  Henwood,  Bid,  T.  p.  250,  TMe 
CHI. 

t  mtohins,  Pha.  Ihuu.,  xox.  pp.  159—64.  WilUsm  FhlUips,  Geol.  Ihms., 
XI.  pp.  146—52.  Thomis.  Survey  of  the  Mining  Dittnct  from  Chaeewaier  to 
Camborne^  p.  19.  Carne,  Comwatt  Geol.  TVoim.,  ii.  pp.  105, 821.  Burr,  Miming 
BevieWf  No.  tui.  (1836)  p.  210.  Fox,  B^port  of  the  Royai  Comwatt  Pofyte^nie 
Soeiety,  zy.  p.  88.  De  la  Bsche,  BepoH  on  the  Geology  of  Comwatt^  fto.,  p.  865. 
Henwood,  Sdin.  New  PhiL  Joumai^  zzn.  p.  159;  Comwatt  Geol.  TWhm.,  t. 
p.  253. 

t  Smyth,  Saq>lanaiion  to  aeeon^panySheeU  191, 197,  ^  198  of  the  Geological 
Survey  of  Ireland,  p.  81.    Poetea,  p.  611, 
§  Tabu  XIX. 

I  DaNoyer,  BxplanoHone  to  accompany  Sheete  167,  )L68, 178, « 179  (tfthe  Geol. 
Survey  of  Ireland,  p.  56. 
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mixed  with  smaller  proportions  of  chlorite  and  calca- 
reous spar ;  whilst  all  are  veined  with  quartz.  Small 
quantities  of  earthy  brown  iron-ore  occur  near  the 
surface,  and  iron-pyrites  is  common  at  greater  depths. 
Malachite,  earthy  black,  and  vitreous,  copper,  and 
other  rare  ores  of  the  same  metal,  are  sparingly  scat- 
tered through  shallow  parts  of  the  matrix ;  but  in  both 
lodes  copper-pyrites  prevails.* 

Longitudinal  joints  divide  the  lodes  into  subordi- 
nate (slices)  veins ;  some  of  which  exhibit,  at  intervals, 
characteristic  differences  of  composition. 

The  masses  (bunches)  of  ore— Kleclining  f  from  the 
great  felspathic  formation  :|;  on  the  N.W.,  N.,  and 
I^.E.^  as  the  slates  also  decline;:}:  yet  conforming  to 

*  At  the  depth  of  100  fathoms  the  Tankardttawn  hd$  presented  a  productiYe 
.inridth  40  to  60  feet,  and  in  some  places  more  than  this,  all  the  8tu£f  yielding 
yellow  copper  ore  of  remarkahle  parity." — Du  Notbk,  Exptanationa  to  a/ocompany 
JBhe^  167, 168y  178,  ^  179  of  the  Qwlogieal  Survey  of  Ireland,  p.  81. 

**  On  one  part  of  the  Tunkardatown  lode  three  UfoeU  were  driven  ahreast  at  the 
same  time,  through  copper-pyrites ;  hodies  of  similar  ore  heing,  for  a  while,  left 
standing  hetween  them." 

Captain  Jaxbb  Cunas,  Manager  of  Knockmahon,  MSS. 

t  Henwood,  Edin,  New  PhU,  Journal,  zzii.  p.  157 ;  ComwaU  Geoh  Trans., 
y.  pp.  61, 54, 87»,129,— 93. 

"  The  quartziferous  porphyry  consists  of  small  crystals  of  flesh-coloured  fel- 
spar and  quarts,  embedded  in  a  paste  which  I  imagine  to  be  essentially  aluminous ; 
with  the  aid  of  a  powerful  glass,  minute  cubes  of  iron  pyrites  are  seen,  which, 
with  the  felspar  and  quarts,  are  the  only  crystalline  substances.  This  formation 
is  rather  extensiTO  on  the  line  of  coast  to  the  east  of  Bonmahon  Bay,  and  is  also 
found  cropping  out  on  the  sides  of  several  low  ranges  of  hills,  and  even  obtaining 
a  considerable  altitude  in  more  than  ofte  place  inland." 

HOLDSWOBTH,  Joumol  of  the  Qeolopcal  Society  of  Dublin,  i.  p.  88. 

GeoioffictU  Survey  of  Ireland,  Sheet  178. 

Du  Noyer,  Eagfkmaiion  to  aeeompany  Sheets  167, 168, 178,  ^  179  of  the  Geol. 
Survey  of  Ireland,  pp.  56-^. 

I  Weayer,  Geol,  Trans.,  ▼.  pp.  140—185.  Boase,  Cornwall  Geol.  TVaiw.,  it. 
p.  432 ;  Treatise  on  Primary  Geology,  p.  1 19. 
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the  schistose  structure  of  the  neighbouring  rocks,* — 
as  in  other  localities  the  shoots^  as  well  of  similar  as  of 
differentf  ores  also  conform — dip  endlong  towards  the 
S.E. 

(c.)    The.  directions,  dips,  and  sizes  of  the  cross- 
(flucans)  veins  are 


Otou'  CfimoatuJ  v§bu. 

DiraetioiM. 

Dips. 

Widths: 

North  Mine  Jhican  •••• 

20<>— 26*»  B.  of  N,— 
W.  of  S. 

40*»— 42«  E.  of  N.— 
W.  of  S. 

N.— N.W.  70°— 76°. 
B.E.  70°. 

1. 
0*5—3. 

They  consist,  for  the  most  part,  of  slaty  clay  and 
disintegrated  felspar ;  enclosing,  however,  many 
spheroidal  masses  of  quartz.;]: 

(rf.)  The  North  Mine  flucan — 

at  16  fms.  deep  is  a  single  vein;  ....  which  h$avea  the  North  Mine  lode  46  fins.; 
•1  46  II        I 


forms  three  distinct  branches  ;  each  of  which  heaves  the 
same  lode,  the  sum  of  their  heavet  amoonting  to     ••25 


ft 


The  Stage  Mine  lode- 


tit  86  fms.  deep  intersects  the  Stage  lode and  heaves  it  4  feet; 

„  96    „      I,     intersects  a  Inraneh  of  the  same  lode  ....  but  does  not  heave  it. 


In  both  cases,  however, — as  in  more  than  one-half 
the  displacements  of  copper-/oe/e5  by  cross-veins  in 
Cornwall  § — the  heaves  are  to  the  Right-hand  and  to- 
wards the  side  of  the  Greater- Angle. 

(fi.)  Between  twenty  and  thirty-six  fathoms  from  the 
surface,  a  (Slide)  vein  of  slaty  clay  scarcely  an  inch  in 


*  Tregaskis,  Report  of  the  Royal  ComtoaU  Poliftechnie  Society,  it.  p.  95.  Ante, 
p.  207.    Postea,  p.  613.  ' 

fHenwood,  Cornwall  Geol.  Trans,,  t.  pp.  41,  24,  87>  129,-98;  tz.  p.  146; 
Ante,  pp.  32,  207.— 63,— 4,— 83,  382,  439, 535,-7,-78,  Postea,  p.  613. 

}  Henwood,  Cornwall  Geol.  Drans,,  y.  p.  262,  Note. 

{ Ibid,  pp.  286—7,  Table  CVIl. 
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-width, — having  nearly  the  same  direction  as  the  North 
Mine  lode  but  an  opposite  dip,— occasions  a  (leap  or 
throw)  vertical  displacement  of  about  sixteen  fathoms 
(upward)  towards  the  side  of  the  Greater- Angle.* 

On  the  Stage  lode  a  rich  bunch  (shoot)  of  ore  was 
followed  in  several  levels — as  it  dipped  endlong — to- 
towards  )he  S.E. ;  not  only  beneath  the  beach, — of 
vrhich  a  breadth  of  fifty  fathoms  is  left  dry  at  low- 
water, — butj  beyond  it,  for  at  least  one  hundred  fathoms 
under  the  sea.  At  the  depth  of  one  hundred  and  six 
fathoms,  in  fact,  the  works  have  been  extended  fully 
one  hundred  and  fifty  &thom&  from  the  cliff,  which,  at 
half-spring  tide  is  washed  by  the  sea  at  high-watenf 

For  some  time,  however,  the  shallower  works  were 

*  Tha  intBrfeiraces  cf  coppar-ijxfa*  with  ilida  "  preieut  either  simple  iutet- 
HEtiDiu,  or  Ini{K  downvudj  towuds  tlia  greater  aDgle." 

Hbnwood,  Commtlt  Qeol.  TVnni.,  T.  p.  332. 
t "  The  ebifl  N,  of  the  Old  Stage  •■>  Bank  212  hthoms,  >ad  in  diiTing  an 
thii  lode,  (cniaidi,  (CTcral  run*  took  piaoe  from  the  ooika  bBTiag  been  curled 
on  too  cloae  to  the  aea  floor,  and  at  the  distaoee  of  about  350  jarda  tiom  the 
coaal  the  tea  broke  into  the  mios  tome  fe&n  aioce,  and  great  difficult;  wu  ex- 
perienced In  staunching  the  break.  The  workg  on  this  lode  have  been  carried 
on  beneath  tho  lea  to  the  diatance  of  about  SOO  jaids  from  the  ooaat  line." 

Dm  Nona,  EijilaniaHm  to  acampaay  SA«tU  137,  168,  116^179  e/tAe 
OBolagical  Sumy  of  Irtbmd,  p.  32. 
The  ondcrmentioned  minei  in  Weat  Coniwall  are  itUl  wrought  beneaih  ihe 

"  At  WhMi  Margtry  near  St.  Ina  the  120-htbom  Xmel  extendi  121  fathcmB 
from  the  >hore."—CaPTAlllBtC8AnDjAliu,  Manager  of  Whaal  Marffey,MSS. 

"  At  Ltvanl  in  St.  Just  the  ISO-fathom  Umt  baa  been  ifntien  299  falbonis  be- 
neath the  aea." — CAPum  J.  Nicholas,  Manager  or  Lmant,  MSS. 

"At  Bolallack  in  St.  Juat  the  llS-fathom  2nwl  extends  3S4  falhomsseBwaida 
from  tha  base  of  the  cliff."  • 

Stsfhim  Hastbt  Jahis,  Sea.,  Manager  of  BelaOaek,  MSS. 

"  At  Wbitehaien  certain  seam*  of  coal,  remarkable  for  their  thicknc^^  and 
regnlarit;,  are  worked  by  Lord  Lonsdale  along  a  coast  line  of  nearly  2  inilc 
tha  diitnnce  of  IJ  uile  under  the  aea. 

Smtib,  Tr»atitt  on  Coal  and  CotU  Uimiig,  p. 
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conducted  so  incautiously,  and  the  crust  of  vein-stone 
left  standing  between  them  and  the  strand  was  so 
thin,  that 

at  eight  fftthoms  from  the  cliff,  in  the  back  of  the  sixteen-&thom  ladf 
„  thirty    „  „  „  twenty-six-  „     „ 

the  sea  found  its  way  into  the  mine ,  but, — with  great 
difficulty  and  at  a  great  expense — it  was^  in  both 
places,  successfully  dammed  out.* 


*  "  In  Littie  Bounds,  BotdBaekt  and  Wheal  Cock  the  ore  was  followed  upwpiA 
•Ten  to  the  tea;  bat  the  openiogs  made  were  Tery  Mnall,  and  the  rock  bemg 
extremely  hard,  a  coyering  of  wood  and  cement  in  the  two  former,  and  a  plug 
in  the  latter  sufficed  to  exclude  the  water,  and  protected  the  workmen  from  the 
oonsequenoes  of  their  rashness.'*-^ABiiB,  OomwaU  OeoL  Ihmt.,  zx.  pp.  889, 
—41,-48.  HainrooD,  Thid,  t.  p.  10. 

*'  At  Workington  the  seanu  worked  beneath  the  sea  ♦  ♦  ♦  were  followed 
up  too  far,  and  as  due  precaution  was  strangely  disregarded,  the  sea  burst  in 
in  1887,  and  the  lamentable  result  was  the  loss  of  thirty-six  human  liyes,  and 
the  entire  destruction  of  the  colliery."— Sictth,  Coal  and  Coal-Mining,  p.  61. 

In  April,  1840,  the  imprudent  remoTsl  of  a  prop  (ttutt)  caused  many  thousand 
tons  of  rubbish  to  fall  on  Michael  WaUh  of  Bonmahon,  one  of  seyeral  miners 
engaged  at  the  sixty-six  fathom  fevel,  beneath  the  sea.  Although  little  or  no 
hope  of  his  safety  remained,  a  strong  party  was  instantly  employed,  as  well  to 
extricate  the  body  that  it  might  be  decently  buried,  as  to  re-open  the  drift  and 
repair  the  damage.  After  the  men  had  worked  some  twenty-four  hours,  how- 
eyer,  they  were  astonished  to  hear  the  voice  of  their  lost  comrade,  who  was  shut 
in  by  masses  of  the  fallen  rocks.  He  told  them  that  his  knees  almost  touched 
his  chin, — that  salt-water  had  risen  nearly  to  his  mouth,— and  that  he  had  eaten 
his  last  candle.  Belays  of  the  ablest  workmen  were  immediately  told  off  for 
the  duty ;  but,  from  the  narrowness  of  the  level,  more  than  one  of  them  was 
seldom  able  to  work  at  a  time.  Notwithstanding  the  displacement  of  eyery  stone 
occasioned  some— and  often  dangerous — ^movement  in  the  mass,  men  were  bold 
enough  to  worm  themseWes  through  the  creyices,  but  they  were  unable  to  reach 
him;  before  the  lapse  of  a  seoond  day,  therefore,  it  was  evident  that  there  was 
no  hope  of  his  immediate  resoue,  and,  at  intervals,  he  became  delirious.  About 
this  time  an  English  Churchman  present,  suggested  that  the  sufferer  might 
probably  be  comforted  by  a  visit  from  his  Clergyman.  This  hint  was  at  once 
reported  to  the  Beverend  James  Power,  R.C.  Priest  of  the  Parish,  who,  without 
hesitation,  descended  the  mine,  and  administered  the  consolations  of  Religion 
to  him  as  he  lay.  Some  hours  later  the  work  had  so  far  advanced,  that  small 
quantities  of  food  were  occasionally  passed  to  him  through  openings  between 
the  stones,  and  about  the  end  of  the  third  day  he  was  set  free.  His  limbs,  of 
connS)  were  cramped  from  the  straitened  position  in  which  he  had  been  oon- 
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Some  of  the  slates  are  interstratified  with  beds  of 
conglomerate ;  *  but,  as  these  are  unproductive  within 
the  area  to  which  this  memoir  refers,  a  description  of 
them  is  beyond  its  scope. 

Other  rich  lodes  have  been,  from  time  to  time, 
worked  in  Knockmahon,  but  the  writer  has  had  no 
opportunity  of  examining  them. 

The  mine  afforded,  from  the  beginning  of  1825  to 
the  end  of  1865, 
Copper-ores  which  realised £l,399,232t 

The  ezpenditoie  on  ] 

salaries,  wages,  &  V    ...  amounted  to  JB856,621 
materials ) 

„  Boyalties  (Dues) „  54,468 

„  Profit,     divided] 

amongst    the  >    •••           „              489,153 
Shareholders,  j  £1 ,399,232 

The  coast — presenting  alternately  caverned  cliffs 
and  sandy  beaches— resembles  the  wildest  and  most 
desolate  shores  of  West  Cornwall. j: 


fined,  he  wu  benumbed  by  long  immeraion,  end  weak  from  f aiting ;  but  other* 
wife  he  was  nnhnrt.  A  weary  time  paued  before  hit  reeoUeetion  returned ; 
and  he  recoyered  hii  strength  slowly :  he  nerer  resumed  his  place  underground ; 
but  he  is  still  (1868)  employed  on  light  jobs  at  the  surfaoe. 

*  **  In  the  townland  of  BaUynagigla,  we  And  some  beds  of  reddish  oon« 
glomerate  and  reddish  purple  shale  interstratified  with  a  grey  feldstone.  •  •  • 
when  the  '  red  ground '  (the  red  oonglomeratee  and  shales  of  the  Silurian  rooks) 
was  reached,  under  the  crushing  floors  of  the  mine,  the  lode  was  lost,  but  it  is 
supposed  that  to  the  north  of  these  beds,  under  the  name  of  the  North  Mine 
lode,  it  was  recoyered." — Du  Notbb,  Ssg^lantUumi  to  oooomftKn^  BhmU  167» 
168, 178, 4  179  of  iht  Ooologieal  Survoy  of  Ireland,  pp.  57,  82. 

t  Robert  Heron,  Esq.,  Secretary  of  the  MiNnra  Oojopavt  op  Ixojlxd,  HSS. 
Ante,  p.  442,  TobU  XIV. 

X  Henwood,  ComwiU  Oeol,  Dram,,  t.  pp.  42, 113,-30. 
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At  Browfutown^  near  Navan,  in  Meath,  the  rock — 
an  upper  portion  of  the  Carboniferous-limestone* — ^is 
crystalline,  of  blackish-blue  or  bluish-grey  hue,  dis- 
posed in  thick  beds ;  which  bear  nearly  N.E. — S.W., 
dip  N.W.  15"— 20",  and  alternate  with  thin  layers  of 
calcareo-siliceous  shale. 

The  limestone  adjoining  the  metalliferous  deposit 
(hereafter  described),  rarely  contains  fossils;  even 
within  short  distances  they  are  scarcely  common  ;  but 
about  one  hundred  fathoms  W.  they  occur  in  plenty 
and  variety .f    The  shales,  on  the  contrary,  are  every- 

*  "  In  this  aabdiTision  the  Upper  LLoiestoiie  is  inTaruibly  erenly  bedded  and 
compact,  of  a  dark  gray  colour,  sometimes  almost  black.  The  beds  are  often 
separated  from  each  other  by  layers  of  dark  gray  earthy  or  sandy  shale." 

Du  NoTsn,  fi^nottoftf  to  aeeot^^emy  Shui  101  of  ths  Oeol.  Swvejf 
of  Ireland,  p.  8. 

"  The  lowest  portion  of  the  Coal  Measures  in  this  district  can  with  difficulty 
be  distinguished  from  the  top  of  the  Upper  Limestone,  the  chief  characteriatio 
differences  being  a  change  from  limestone  to  a  yery  compact  dark  gray  cslcareoui 
grit,  with  layers  of  impure  siliceous,  or,  often  earthy  so-called  limestones,  or 
highly  calcareous  grits." — IbitL 

**  The  beds  here  called  Cosl  Measures  are,  most  probably,  the  representatiTes 
of  the  Upper  Limestone  shale  of  Derbyshire,  and  the  bottom  part  of  the  Millstone 
Orit."— Juxss,  Ibid,  p.  9. 

t  For  "  the  following  list  of  fossils,  obtained  from  the  Carboniferous  limestone 
at  Brownstown,  by  Mr.  Mc.  Henry  of  the  Geological  Survey,"  the  writer  is  in* 
debted  to  the  kindness  of  William  Hsllibb  Bailt,  Esq.,  F.L.S.,  F.O.S., 
Falsontologist  to  H.M.  Geological  Surrey  of  Ireland. 

Co&als. 
ZaphrmiiU  eyUndrica,  LithostroHon  /unaum,  L,  affinu, 

EOHIMODBRXATA. 

PoUrioerimu  cnunu  (fragments  of  stems'). 

Cbustaoba. 
PhilUpnapuatulata  (tail). 

MOLLUBCA — BbAOHIOFODA. 

OrtMs,  O.rett^nata  (var.  pibboia,  yery  large), 
Produeta  giganlea,  P.  semireticulata,  P.  metoloba, 
Chmite$papiiimac€a,  C.  Hardrentia,  Sirtptorhynchui  erenistria, 

Spirifera  piuffiM, 
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Some  of  the  slates  are  interstratified  with  beds  of 
conglomerate ;  *  but,  as  these  are  unproductive  within 
the  area  to  which  this  memoir  refers,  a  description  of 
them  is  beyond  its  scope. 

Other  rich  lodes  have  been,  from  time  to  time, 
worked  in  Knockmahonf  but  the  writer  has  had  no 
opportunity  of  examining  them. 

The  mine  afforded,  from  the  beginning  of  1825  to 
the  end  of  1865, 
Copper-ores  which  realized £l,399,232t 

The  expenditure  on 
salaries,  wages,  &\     ...  amounted  to  JC855,621 


materials 

Bojalties  (Dues) „  54,458 

Profit,      divided ) 


amongst    the  >     ...            „              489,153 
Shareholders. )  £  ]  ,399,232. 

The  coast — presenting  alternately  caverned  cliffs 
and  sandy  beaches — resembles  the  wildest  and  most 
desolate  shores  of  West  Cornwall.;]: 


fined,  he  wm  benumbed  by  long  immersion,  and  weak  from  fasting;  but  other- 
wise he  was  unhurt.  A  weary  time  passed  before  his  recolleotion  returned ; 
and  he  reooTered  his  strength  slowly:  he  neyer  resumed  his  place  underground; 
but  he  is  still  (1868)  employed  on  light  jobs  at  the  surface. 

*  "  In  the  townland  of  Ballynagigla,  we  find  some  beds  of  reddish  eon- 
glomerate  and  reddish-purple  shale  interstratified  with  a  grey  feldstone  •  •  # 
when  the  '  red  ground '  (the  red  conglomerates  and  shales  of  the  Silurian  rocks) 
was  reached,  under  the  crushing  floors  of  the  mioe,  the  lode  was  lost,  but  it  is 
supposed  that  to  the  north  of  these  beds,  under  the  name  of  the  North  Mine 
lode,  it  was  recovered.'' — Vv  Notbb,  Saplanationt  to  accompany  SheeU  167t 
168,  178,  if  179  of  the  Geological  Survey  of  Ireland,  pp.  67,  82. 

t  Bobert  Heron,  Esq.,  Secretary  of  the  Mining  Compant  ov  Ibiland,  M88. 
Ante,  p.  442,  Table  XIV, 

X  Henwoody  Cornwall  QeoU  Trane,^  r.  pp.  42, 113,^80. 

PPPP 


602  W.  J.  Henwood,  on 


The  Bearhaven  Mines  are  wrought,  at  the  head  of 
Ballydonagan-bay  near  the  western  extremity  of  Cork, 
in  rocks  composed  of  siliceous  matter  mixed  with 
chlorite,*  talc,  or  some  kindred  mineral ;  traversed  by 
microscopic  veins  of  quartz;  and  sprinkled,  at  inter* 
vals,  with  the  carbonate  of  lime.  Such  portions  of 
them  as  adjoin  rich  parts  of  the  lodes,  are,  in  general, 
pale-buff,  lilac,  or  dove-coloured,  and  of  thick  lamellar 
structure;  but  elsewhere  they  are  blue  and  fissile.'f 
The  planes  of  cleavage — although  in  some  places  coa- 
siderably  curved — are,  on  the  whole,  nearly  parallel  to 
the  Main  lode  in  direction ;  yet — maintaining  a  much 
higher  inclination  than  it  maintains — they  dip  some- 
times towards  one  side,  sometimes  towards  the  other, 
but  mostly  towards  the  north.^  The  lilac,  buff-coloured, 
and  blue  slates  alternate,  here  and  there,  with  narrow 


*  <*  A  mineral  allied  to  chlorite,  and  seemingly  that  called  an  hydrous  mica 
by  Dana,  Is  found  abundantly  in  the  quarts  yeins." — ^Kznahak,  EicpUmaHomM 
to  aeeompany  8he9U  197,  ^  198  o/*  <Ae  Gcoktgioal  Survey  of  Ireland,  p.  29. 

t  **  The  dark  blue  yarieties  of  the  day  slate  are  considered  by  the  miners  on- 
favourable  to  the  production  of  copper  ores,  whilst  the  gray,  and  particolarlj 
the  buff  kinds,  as  in  Cornwall  and  elsewhere,  are  held  to  be  congenial." 

SiCTTE,  Rid,  p.  30. 

*'  In  the  two  carboniferous  troughs  of  Eenmare  and  Bantry  •  •  •  the  rocks 
consist  of  red,  purple,  brown,  and  greenish  sandstones,  sometimes  becoming 
purplish  grey,  but  never  black  or  dark-grey,  and  they  are  variously  interstratifted 
with  bright  red,  purplci  lilac,  greenish,  and  yellowish  day-slates.  The  slates 
occasionally  predominate  to  such  an  extent  as  to  cause  the  rocks  to  assume  the 
oharacter  of  a  great  elajf-alats  fortnaiumf  the  transverse  cleavage  cutting  across 
the  beds  generally  at  a  high  angle,  and  with  a  steady  strike  of  west-south-west 
and  east-north-east,  but  dipping  sometimes  to  one  side  and  sometimes  to  the 
•other  side  of  their  strike." 

JuKBS,  Quarterly  Journal  of  the  Qeologieal  Society,  xxxi.  p.  332. 


X  "  All  the  rocks  of  the  district  have  been  tilted  into  very  high  angles  oftener 
«bove  45*  than  below  it,  and  frequently  even  90^  or  vertical.  They  are  bent  and 


1^ 
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light-brown  beds;  traversed,  lengthwise,  by  undu- 
lating, unconformable,  interlacing  joints,  which  divide 
the  rocks  into  small,  lenticular  masses,*  polished  and 
grooved  witliout,  but  of  fissile  structure  within.  Other, 
subordinate,  quartzose  beds,  of  blueish-green  hue  and 
uneven  fracture,  impoverish  the  lodes,  wherever  they 
touch  them.  Three  series  of  joints — common  alike  to 
the  rocks  and  lodes — bear  respectively,  28** — 38**  W. 
of  N.— E.  of  8. ;  26'— 30"  N,  of  E.— S-  of  W. ;  and 
15«_20"  S,  of  E.— N.  of  W.t 

The  difierent  conditions  of  the  two  lodes — or,  it  may, 
perhaps,  be  said,  of  the  two  branches  of  the  principal 
(Champion)  lode — wrought  in  the  Mountain-mine'^ 


Ths  Mam  lode,  baaring  25^  N.  of  E.  )  ( dipping  N. )  ( and  meatoring  10—42  feet 

— S.  of  W., )  t  60»— 72°,  >  ^  in  width ; 

„  Mountain  „       „      38**  W.  of  N. )  ( dipping  £. }  (  „  20— 62  feet 

— E.  of  S.,>  <    62*>— 78°>  ^  in  width. 

« 

contorted  in  Tarious  directions,  bat  generally  strike  with  the  mean  ran  of  the 
principal  features  of  the  ground,  the  lines  of  the  shores  and  the  crests  of  the 
hills,  all  ranging  along  lines  which  run  nearly  E.N.E.  &  W.S.W." 

JuxsB  &  KiNAHAK,  ExpkuuUionM  to  aceompanif  Sheets  197  ^  198 
of  the  Geolojfical  Survey  of  Ireland,  p.  13. 

'*  The  deayage-planes  are  almost  vertical,  inclining  a  shade  north  in  Cloan, 
and  coursing  east  36^  north." — Sxttu,  Jbid,  p.  30. 

•  Ante,  p.  13,  Fig.  2. 

t  In  1838  the  Magnetic  declination  at  Killamey  was  about  29**  09' W.— Rou, 
PAtJL  Trans.,  cxzxiz.  (1849)  p.  208.  Sabinb,  Ibid,  PI.  XIV. 

{**An  extraordinarily  thick  course  of  white,  hard,  wild  quarts,  runs  in  a 
rudely  east  and  west  direction,  through  a  rough  mass  of  slaty  and  grit  rocks  at 
an  elevation  of  between  four  and  five  hundred  feet  above  the  sea,  in  the  town* 
land  of  Cloan.  For  a  length  of  above  a  hundred  fathoms,  it  is  fifty  to  sixty 
feet  in  width,  but  by  no  means  attractive  to  the  eye  of  a  miner,  except  in  its 
southern  side,  where  a  rib  of  three  or  four  feet  was  gossany,  and  at  a  small 
depth  yielded  copper  pyrites.  At  a  great  depth,  the  whole  lode  •  •  •  became 
impregnated  with  ore,  and  was,  in  some  parts,  to  as  much  as  sixty  feet  wide, 
enormous  cavities  standing  open  without  support,  in  oonsequenee  of  tiie  strength 
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The  Main  Mc— bearing  25"  N.  of  E.— S.  of  W.— 
18,  in  direction,  nearly  parallel  to  the  cleavage- planes 
of  the  adjoining  rocks ;  but  whilst  it  underlies  60"* — 
72**  N,,  they  are  nearly  vertical :  a  rare — though  not 
a  solitary — instance  of  the  lode  dipping  less  than  the 
strata.*  The  Mountain  lode — ranging  38**  W,  of  N. — 
E.  of  S^  and  inclining  60"— 78«  N.— N.E.— is— as 
well  in  direction  as  in  underlie— oblique  to  both. 

In  each  case,  respectively,  the  steepest  are  always 
the  richest  parts.f 

But  notwithstanding  the  two  lodes  unite  in  one  and 
the  same  broad  body  of  productive  vein-stone  near  the 
surface ;  the  Mountain  lode,  which  courses  obliquely, 
is,  on  the  whole,  more  highly  inclined  than  the 
Main  lode,  which  ranges  somewhat  transversely  to 
the  meridian.;}: 

of  the  grit  rook  which  fonna  tho  wall.    At  from  thirty  to  fifty  fathoms  deep  the 

lode  Ib  from  twelve  to  fifteen  feet  wide,  and  consists  of  qaarts,  with  diaseminmted 

copper  pyrites.    Here  only  a  few  *  arches '  of  ground  have  been  left,  and  the 

inclination  is  one  foot  in  six  to  the  north. 

*<  At  the  150  fathom  level  the  ground  is  worked  away  for  a  great  width  and 

height,  rendered  the  more  imposing  by  a  branch  which  strikes  off  northward 

from  the  Tein  at  about  thirty  fathoms  east  of  the  whim-shafU   This  was  worked, 

in  places,  to  a  width  of  twenty-six  feet,  and  was  very  rich  in  ore,  particularly 

on  the  hanging  side.  The  chief  point  of  note  about  the  lode  here  was,  howeyer, 

that  from  its  hardness  and  the  moderate  admixture  of  ore,  it  would  have  been, 

if  small  unprofitable,  whilst  from  its  great  site,  allowing  of  operation  on  a  large 

scale,  it  proved  highly  remunerative.    At  the  162,  a  cross-out  •  •  •  leads  to 

a  large  lode  of  similar  character,  where  it  appeared  that  the  shoots  of  ore  have 

a  tendency  to  incline  eastward." 

Smtth,  ExplanatioM  to  accompany  Sheeta  197  ^  198  </  Me 
Geological  Survey  of  Ireland,  pp.  30 — 1. 
*  Ante,  p.  664. 

t  Thomas,  Survey  of  the  Mining  District  betv)een  Chaaetoater  and  Camborne, 
p.  20.  Henwood,  Bdin»  New  Phil  Journal,  xxxi.  p.  158;  Cornwall  Geol.  TVcnw., 
T.  pp.  231,  248.  Fox,  Beporte  of  tJke  Royal  Cornwall  Polytechnic  Society,  it. 
p.  87. 

t  Fex,  Reports  of  the  Royal  Cornwall  Polytechnic  Society,  it.  p.  84.  Henwood, 


•n 
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Moreover^  the  Main  lode  is,  on  an  average,  much 

narrower  than  the  Mountain  lode.* 

The  prevalence  of   such  conditions   in   America, 

France,    Ireland,    and   England   cannot   be  without 

significance. 

Of  both  lodes  the  chief  ingredient  is  massive,  hard, 
^hite  quartz,  which  miners,  generally, — and  Cornish- 
men,  especially, — would   pronounce   unkindly;    save 
that  near  the  surface  it  is  much  tinged  with  the  salts 
of  copper,  and,  at  rather  greater  depths,  with  earthy 
brown  iron-ore.     Small  quantities  of  (?)  chloritic  or 
talcose  matter  occur  in  all  parts,  but  notably  at  the 
joints ;  calcareous-spar  is,  here  and  there,  imbedded  in 
the  other  constituents ;  and— Jrom  certain  portions  of 
the  Mountain  lode  particularly, — the  carbonate  of  iron 
is  obtained,   though   in  smaller  proportions.      This 
matrix  envelopes  numberless  angular  masses  of  slate ; 
which  vary,  from  a  fraction  of  an  inch  to  several  feet, 
and  even  fathoms,  in  length,  depth,  and  thickness.    Of 
these  many — peculiarly  amongst  the  small  and  middle- 
sized — specimens  obey  no  yet  recognized  law ;  f  but 
in  the  larger  bodies  (Horses)  the  planes  of  cleavage 
are  oblique  to  the  dip  of  both  lodes;^  as  well  as  to  the 


ComwaU  Geol,  Trans.,  ▼.  pp.  247,— 60,— -77,— 9,  Tables  CIIl.,  CVL;  Ante,  pp. 
310,  406,  627,-32,  Table  XX.  Whitney,  Metallie  Wealth  of  the  United  States, 
pp.  260,-87. 

•  Henwood,  ConwoaU  Geol.  Trans,,  y.  pp.  240,-76,  Tables  CL  CIV, ;  Ante^ 
pp.  410,  627,-32,  Table  XX. 

fHenwood,  Comteatt  Qetd,  TVohj.  T.,  p.  211.;    Awte^  pp.  20,— 3,  190,-4^ 
260,— 1,-9,  312,-17,-81,  424. 

X  Ante,  p.  604 
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strike  of  the  Mountain  lode/^  yet  they  are  parallel 
alike  to  the  strike  of  the  Main  lode  *  and  to  the  dip 
and  strike  of  the  schistose  structure  in  the  neighbour- 
ing (Country)  rocks,!  with  which,  however,  they  are 
in  nowise  connected. 

Large  rich  bodies  of  copper-pyrites  occur  at  inter- 
vals; and  at  short,  but  unequal,  distances  between 
them,  the  quartzose  and  chloritic  vein-stones  are 
charged — more  or  less  heavily — with  smaller  masses, 
branches,  and  grains  of  the  same  ore;  which  is,  in 
feet,  the  only  one  prevalent  in  the  district.  A  calcareo- 
siliceous  matrix  is  rarely  a  productive  one;  nevertheless 
it  sometimes  contains  small  quantities  of  copper-pyrites 
and  of  vitreous  copper.  •  If  many  joints  traverse  the 
lodes,  they  are  seldom  rich ; :{:  but  where  a  brecciated 
structure  is  maintained,  they  are  always  poor.§ 

At  the  articulation  of  the  two  lodes  the  Main  lode 
preserves  its  normal  direction,  whilst  the  Mountain 
lode  diverges  from  it  at  an  angle  of  some  77%  and — 
intersecting  the  schistose  north  (upper  side-)  wall — 
assumes  thenceforth  a  greater  width  and  a  steeper 
slope ;  but^  from  the  surface  to  about  one  hundred  an4 

•  Awt0,  p.  60ii 

fHenwood,  ComwaU  Geol,  TVaiij.,  y.  p.  211;  Ante,  pp.  20,-3,  190,-4, 
250,-1,-9,  812,-17,-81,  424. 

t  "  Those  parts  of  the  lodet  which  are  trsTersed  by  lon^tadinal  and  eross 
joints,  as  well  as  those  portions  which  exhibit  traces  of  horisontal  bedding,  are 
generally  unprodnotiTe." 

Hbji WOOD,  Camwatt  Geol,  Tratu.^  T.  p.  232  (Abridged). 

X  "  Cavities  lined  with  crystals,  and  imbedded  masses  of  slate,  are  nneqnlTo- 
eal  signs  of  pOTsrty,  whereTer  they  may  oecor.*'— Tiftiif,  p.  280.    AiUe^  p.  84. 
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forty  fathoms  deep,  it  comports  itself  as  a  branch  of  the 
lode  from  which  it  had  parted.  At  greater  depths,  on 
the  contrary,  the  north  wall  of  the  Main  lode  is  con- 
tinuous; a  band  of  lilac  or  pale-buff  coloured  slate, 
some  three  or  four  fathoms  thick,  and  corresponding 
in  cleavage  with  the  neighbouring  rocks,  interposing 
between  the  southern  bluff  extremity  or  but-end  of  the 
Mountain  lode  and  the  northern  side  of  the  Main 
lode;  the  identical  band  or  wall  of  rock  intersected 
by  the  lode  in  one  spot,  thus  itself  intersecting  the 
selfsame  lode  in  another.*  Between  the  immediately 
opposite  portions  of  the  lodesj  however,  thin  layers  of 
quartz,  slightly  sprinkled  with  copper-pyrites,  con- 
formably interlie  the  slate.  The  lodes, — whether  united 
or  divided — consist  of  similar  vein-stones  and  yield 
the  same  ore;  but,  when  separate,  they  are  rich  at 
different  depths. 

The  Main  lode  continues  productive  to  a  depth  of 
one  hundred  and  forty  fathoms ;  as  long,  in  fact,  as  it 
is  connected  with  the  Mountain  lode^  but  no  longer; 
for  its  riches  decline  when  that  connexion  is  interrupted 
by  the  band  of  quartzose  slate,  already  mentioned. 
The  body  or  shoot  of  copper-ore  dips  endlong, — as  the 
Mountain  lode  and  the  Cross^ourse '\'  also  dip,*— 
towards  the  east. 

The  Mountain  lode  is,  on  the  other  hand,  generally 
poor  during  its  contact  with  the  Main  lode ;  but  where 

•  Henwood,  Cornwall  Geol,  Tram.,  t.  p.  826,  Table*  XIV,,  XUII,  UI, 
Ante,  p.  192. 

t  PoiUa,  p.  608. 
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they  are  separated,  by  the  orey  band  of  quartzose  slate, 
—and  the  deeper  parts  of  the  Main  lode  become 
gradually  impoverished, — opposite  portions  of  the 
Mountain  lode  are  proportionally  enriched.  Here, 
however,  the  shoot  or  body  of  ore — conforming  in 
some  measure  to  the  dip  of  the  adjoining  slates  and  to 
the  underlie  of  the  Main  lodcj — declines  towards  the 
north. 

The  Mountain  lode — whether  it  be  an  independent 
vein*  or  merely  a  subordinate  irancA— does  not  extend 
southward  of  the  Main  lode. 

The  Cross-course  bears  N.E.— S.W. ;  dips  S.E.  76« 
— 84'';  averages  about  four  feet  in  width ;  and  consists, 
generally,  of  slaty-clay;  except  where  i^  intersects 
the  Main  lode^  and  there  quartz  becomes  the  principal 
ingredient. 

It  simply  severs — without  (heaving)  displacing — 
the  lode. 

In  1849  the  Mine  was 140  fms.  deep ; 

but  in  1867     252  „       „     : 

in  twenty-six  years,  therefbre,  it  had  been  )     jjo  fathoms 
deepened ) 

But  though  wrought,  to  snch  a  depth,  in  rocks  of 
schistose  structure,!  within  a  mile  of  the  sea,  the 
water  J 

*  "  I  believe  the  Mountain  lode  to  be  a  distinct  one,  and  not  a  branch  of  the 
Mam,  east  and  west  lode" 

CAPTAXif  Hbnbi  Pascob,  Manager  of  the  Bearhaven  Mines,  KSS. 

t  *'  Beiults  obtained  from  mines  in  all  the  metalliferous  districts  of  Cornwall, 
except  that  of  Callington  •  «  •  agree  in  showing  the  quantity  of  water  yielded 
by  the  mines  in  slate  is  about  four  times  as  much  as  by  those  in  granite." 

Hbnwood,  Cornwall  GeoL  Trane.,  t.  p.  442. 

t  **  The  water  is  not  abundant,  and  is  raited  by  a  draft-enginoi  plaeed  on  the 
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cable  feet 
drawn  from  the  bottom  was  only  from  2*86  to  3*27  per  minute,  during  summer, 

„  ,1        about   ....   3*68  ,•      ,  in  winter; 

discharged  at  the  adU         „        from  4*83  to  5-53  „      ,  during  summer, 

„  „        some    ....   6*22  „      ,  in  winter. 

For  some  years  before  the  writer's  first  visit  to  Bear- 
haven  (in  1841),  all  ore  and  rubbish  had  been  raised 
in  waggons,  drawn  through  a  highly  inclined  shaft, 
on  iron  rails,  by  a  small  high-pressure  steam-engine, 
placed — some  twenty-eight  fathoms  from  the  surface 
— at  the  adit* 

A  Man-engine;\ — the  only  one  yet  set  up  in  Ireland, 


top  of  the  rocky  brow." — Smtth,  Explanation  to  accompany  Shectt  197  ^  198 
o/  the  Geological  Survey  of  Ireland^  p.  31. 

*  **  The  Mountain  mine  is  entered  by  an  adit  level  cross-cut  from  the  south 
side,  leading  to  a  whim-engine  placed  underground,  the  smoke  of  which  ascends 
through  the  Icerie*  or  excayations  between  the  walls  of  the  vein.*'— /&uf,  p.  80. 

**  In  the  Tamar  lead-mine,  Beer-ferris,  Devon,  a  twenty  horse-power  steam- 
engine  was  erected  at  the  145  fathom  level,  or  290  yards  below  the  pit's  mouth, 
which  answered  the  purpose  intended,  vii.  to  pump  water  and  raise  the  ore.  The 
smoke  from  the  engine  was  conveyed  along  a  flue  running  through  old  workings 
to  the  surface." — Pbfpbr,  Playbook  of  Meialt,  p.  242. 

Leifchild,  Encyclopedia  Britannica  (Eighth  Edit.  1858),  ZT.  pp.  225—6. 
Hoissenet,  Annales  dea  MineSf  6me  S6rie,  ii.  pp.  155,  272 ;  Mining  and  Smelting 
Magazine,  iii.  pp.  225,-72,  350;  iv.  pp.  12,  88,  161,  327.  Thomas,  Richards, 
Vivian,  Daw,  Cady,  and  Cock,  Epitome  of  Evidence,  collected  by  Royal  Com- 
miasionera  on  Minea,  pp.  29—33.    Twite,  Ibid,  Appendix  B,  p.  316. 

t  Loam,  JReporta  of  the  Royal  Cornwall  Polytechnic  Society,  ii,  p.  35.  Philfips^ 
Ihid,  p.  43;  iv.  p.  57.  Jones,  Ibid,  vi.  p.  63.  Basset,  Ibid,  vni.  p.  59.  Henwood, 
Report  on  the  Employment  of  Children  in  the  Minea  of  Cornwall  (1841),  pp.  739, 
813, — 21, — 4.  Gordon,  Reporta  of  the  Roycd  Comtrall  Polytechnic  Society,  ix. 
Part  II.  p.  6.  Lemon  and  others,  Ibid,  Part  ii.  p.  12.  Taylor,  Ibid,  x.  p.  65. 
Lemon,  Francis,  Richards,  and  Jennings,  Ibid,  xi.  pp.  15 — 27.  Francis,  Ibid, 
XIII.  p.  22.  Pockey,  Ibid,  xix.  p.  38.  Moissenet,  Annalea  dea  Minea,  5me  S^rie, 
XV.  p.  1.  Mining  and  Smelting  Magcuine,  i.  p.  366.  Leifchild,  Cornwall,  ita 
Minea  and  Minora,  p.  155.  Epitotne  of  Evidence  coUeeted  by  Royal  Commiaaionera 
on  Minea,  pp.  24—33.    Twite,  Ibid,  Appendix  B,  pp.  296—7.    Ante,  p.  114. 
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— has,  since  1862,  taken  the  miners  to,  and  fronts  a 
depth  of  one  hundred  and  twenty-eight  fathoms. 

Forges  for  the  repair  of  tools  have — as  the  mine  has 
been  gradually  deepened — been  erected,  in  succession, 
at  43,  93,  115,  and  226  fathoms  from  the  surface ;  the 
smoke  from  them  causing  little  or  no  inconvenience, 
as — like  that  from  the  underground  steam-engine — 
it  passes  off  through  different  exhausted  works  and 
unused  shafts,  as  the  wind  blows  in  one  or  other 
direction.* 

The  miners  take  underground,  daily,  the  potatoes 
which  form  the  greater  part  of  their  food ;  setting  them 
on  to  boil,  in  mine-water,  at  the  forges,  and  proceeding 
to  their  work ;  returning,  however,— during  the  dis- 
persion of  the  smoke  and  foul-air  from  blasting, — to 
secure  a  warm,  if  a  frugal,  meal. 

The  Caminches  lode  was  wrought,  in  the  imme- 
diate neighbourhood,  for  several  years,  with  great 
success;  but,  for  some  time,  the  works  have  been 
abandoned.  At  Killogue,  about  a  mile  distant,  how- 
ever, extensive  operations  are  still  in  progress  on  the 
same  lode.'\ 


*  Some  thirty  years  ago  forges  were  established,  under  similar  circamstanees, 
at  great  depths  in  Wheai  Vor  by  the  late  Captain  Mark  Read ;  who  had  preTi- 
ously  assisted  his  brother  in  superintending  the  Becarhaven  mines. 

t  "  The  AUihies  *  Old  lode  '  was  worked  to  the  depth  of  fifty  or  sixty  fathoms, 
and  ontward  for  some  little  distance  under  the  sea.  It  has  now  been  abandoned 
for  a  quarter  of  a  century.  *  *  * 

•*  The  Caminches  lode,  which  courses  N.N.W.,  with  an  inclination  to  the  S.E., 
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The  metalliferous  district  E.N.E.  of  Kenmare  in 
Kerry  is  about  five  or  six  miles  in  length ;  but  it  no- 
where exceeds  a  mile  in  breadth,  and  many  parts  of  it 
are  much  narrower.  It  is  bounded  on  the  N.,  E.,  and 
S.  by  the  "  upper  purple  series  of  the  Old  Red  sand- 
stone/' which  is  succeeded  by  slates  and  shales,  and 
these  are  overlaid  by  Carboniferous  limestone.* 


has  hetn  proved  OTer  a  length  of  one  and  a  quarter  miles.  At  its  northern  end, 
in  Cloan,  it  formed  a  very  prodnctive  mine,  for  about  ninety-five  fathoms  long, 
and  was  worked  to  the  depth  of  162  fathoms,  when  it  became  so  poor  and  small, 
that  it  was  reported  by  some  to  *  cut  out '  altogether.  Ten  fathoms  more  were 
sunk  upon  it,  but  without  improvement.  4t  4t  4t  The  lode  varies  from  one  to 
twelve  feet  in  width,  averaging  four  to  six  feet.  Its  only  ore  is  copper  pyrites, 
interspersed  through  quartz,  often  hard,  though  certain  portions  of  the  matrix 
are  argillaceous  or  '  flucany.'  4t  4t  4t 

"  Further  south  again,  in  Kealogue,  a  very  rich  mine  has  been  worked,  although 
the  regularity  of  the  lode  has  been  much  disturbed  by  a  succession  of  cross* 
courses,  which  fall  in  with  it  very  obliquely.  No  lode  at  all  had  been  found  for 
100  fathoms  between  two  of  these,  notwithstanding  numerous  drivings  carried 
on  to  search  for  it.  A  very  exceptional  feature  is  a  sharp  turn  of  the  lode,  al- 
most at  right  angles  to  its  former  course  close  to  one  of  these  cross-courses. 

This  latter  mine,  worked  to  100  fathoms  deep,  proves  the  lode  tolerably  good 
as  far  as  the  river  on  the  south;  but  the  vein  there  dwindles  to  a  mere  slide,  and 
continues  to  exhibit  the  same  unpromissing  character  to  the  furthest  shaft  south 
on  the  adit  level." 

Shtth,  Explanations  to  accompany  Sheets  197  Sjl9Sof  the  Geological 
Survey  of  Ireland^  pp.  30—1. 

*  **  The  valley  of  Kenmare  extends  eastward  from  the  town  of  Kenmare  to 
the  village  of  Kilgarvan,  a  distance  of  about  eight  miles,  and  varies  in  breadth 
from  half  a  mile  to  one  mile.  It  is  formed  of  a  synclinal  fold  of  lower  Carbonifer- 
ous limestone,  the  fold  or  bending  of  the  strata  having  passed  the  vertical, 
forming  a  case  of  inversion  of  the  strata,  4t  Ht  4t  In  consequence  of  this  in- 
version, the  arenaceous,  red  micaceous,  and  calcareous  slates  to  the  south  of  the 
Roughty,  appear  to  overlie  the  limestone  of  the  valley." 

Havouton,  Journal  of  the  Geol,  Society  of  Dublin,  yi.  p.  208. 

'*  The  upper  part  of  the  bay,  as  well  as  the  valley  of  Kenmare,  is  surrounded 
by  the  upper  purple  series  of  the  Old  Red  sandstone.  ♦  «  *  A  good  section 
may  be  seen  on  the  banks  of  the  Finniby  River,  4t  4t  4t  the  dip  of  all  the  beds 
appears  to  be  southwards,  with  an  average  inclination  of  fully  76°.  *  *  *  On 
the  north  side  of  the  Kenmare  Valley  the  rocks  exposed  are  merely  repetitions 
of  purple  grits  and  slates,  which,  as  they  are  crossed,  terminate  in  the  beds 
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In  the  Caher  brook,  a  mile  N.W.  of  Clontoo,  the 
Old-red  sandstone  is  represented  by  arenaceous  slate  of 
argillaceo-siliceous  character  and  brick-red  hue.* 


recognised  m  Yellow  Sandstone,  which  immediately  underlie  the  carboniferous 
rooks  of  the  district. 

*■  Along  the  southern  shore  of  Kenmarc  Bay,  and  in  the  riter  courses  on  the 
south  side  of  the  valley,  the  rocks  are  in  every  respect  the  same  as  those  on  tlio 
north.  *  *  *  The  stream  which  runs  into  the  bay  to  the  W.  of  Mncksaaw 
Wood,  exposing  purple  and  reddish  grits  and  slates,  all  dipping  northwards  at 
an  average  angle  of  70^.  4t  4t  4t  The  most  continuous  section  on  the  soath, 
side  of  the  valley  is  that  which  commences  B.  of  Rice  Mount,  and  may  be  traced 
northerly  to  the  Roughty  River.   All  the  beds  appear  to  dip  northwards  at  70^. 

*'  In  the  Kenmare  valley  the  Carboniferous  limestone  is  found  to  be  inclined 
at  high  angles,  and  to  be  often  greatly  contorted,  and  sometimes  apparently 
inverted.  *  4t  4t  At  one  spot  N.  of  Kenmare,  and  8.W.  of  the  workhouse, 
the  limestone  certainly  dips  S.S.B.  at  60^;  at  Killowen  it  dips  in  the  same  di- 
rection at  70^  and  80^;  but  at  three  places  to  the  southard  of  that,  on  the  banks 
of  the  river  near  the  White  house,  it  appears  to  dip  to  the  N.N.W.,  at  80^  or 
86^.  •  •  •  The  limestone  is  well  seen  also  along  its  northern  boundary, 
north  of  Cleady  •  •  •  and  dipping  S.&E.  at  80**  to  86^  Similar  limestone 
shows  itself  here  and  there  down  to  Cleady  bridge,  up  to  Shanagarry  lead  mine 
and  all  across  the  valley,  down  to  the  bank  of  the  river,  everywhere  dipping  to 
the  S.S.E.  at  angles  of  60^  or  60®,  over  a  space  of  about  1,000  yards  in  width, 
and  to  within  fifty  yards  of  the  line  along  which  the  red  rocks  rise  up  to  the 
surface,  either  vertical  or  with  a  dip  of  86*^  to  the  N.N.W.  North  of  this  tract 
in  the  river  Cleady  these  s^me  Old  Red  beds  may  be  seen  dipping  S.S.E.  at  85^. 
It  would,  therefore,  at  first  sight,  appear  that  there  must  be  here  a  deep  trough 
or  wedge  of  limestone  descending  to  a  vast  depth  into  the  ground,  having  sides 
sloping  downwards  towards  each  other  at  an  angle  of  only  5^  from  the  perpen- 
dicular, and  a  base  at  the  surface  of  1,000  yards  in  width,  with  either  an  in- 
version along  its  southern  margin,  or  a  great  fault  having  an  upcast  to  the  S.*' 
Jukes,  Dxi  Noter,  &  Willbok,  Exphnatioru  to  accompany  Sheet  184 
of  the  Oeolofficol  Survey  of  Ireland,  pp.  20,— 1,^3.-4.  (Abridged. ) 

*  *'  To  the  north  •  •  •  the  beds  nearest  to  the  limestone,  and  unconforma- 
ble to  it,  are  soft  yellowish  slates,  with  quartose  veins  containing  micaceous  iron 
in  abundance,  and  under  these  lie  the  red  slaty  beds,  denominated  *  red  killas  ' 
by  the  Cornish  miner.  •  •  •  The  inverted  beds  south  of  the  limestone  con- 
sist near  the  junction  of  a  series  of  micaceous  coarse  thickly-bedded  sandstones, 
dark-coloured  and  slaty  beds,  and  calcareous  slates  containing  nodules  of  day 
ironstone  and  iron  pyrites.*' 

Haughton,  Journal  of  the  Geol.  Soe.  of  Dublin,  ti.  p.  210. 

"  The  yellow  sandstone  •  •  •  at  either  side  of  the  valley  of  Kenmare  as  fsr 
as  Ardtully,  is  represented  by  a  slice  taken  ofi"  the  Old  Red  sandstone,  and  its 
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The  slates  which, — ia  the  same  neighbourhood, — 
separate  this  equivalent  of  the  Old  Red  sandstone  from 
the  Carboniferous  limestones,  are  of  reddish-purple, 
greenish-grey,  or  leaden,  hue;  are  interlaid  with 
yellowish-green  laminee  in  some  spots,  with  coal-black 
scales  in  other,  and  flecked  with  mica  everywhere. 
They  are  mostly  fissile ;  and,  at  intervals,  their  planes 
are  scored  with  glossy  striae.* 

The  limestone  is  crystalline,  slaty,  and  variously 
tinted  with  grey.  It  includes  many  short,  narrow, 
conformable  beds  of  calcareous  spar;  and,  in  some 
parts  at  least,  crinoidal  remains  are  not  uncommon.f 


presence  referred  rather  than  proved  by  any  exposures. 

Du  NoTBR,  Explanationt  to  accompany  Sheet  ISi  of  the  Geological 
Survey  of  Ireland^  p.  22. 

*  **  Beneath  Boughty  bridge  are  black  shales  containing  carboniferous  fossils. 
These  beds  are  so  much  twisted  as  to  dip  N.E.  •  •  •  and  immediately  east 
they  dip  underneath  gray  limestone,  all  crowded  with  fossils  [Orthie  jiUariaf 
Sirophomena  crenietria,  Spirifera  di^functa^  Athyris  planoeulcata,  Fenettretta 
plebia,  and  stems  of  Actinocrintu]  as  at  Killarney." — Jukbs  &,  Willbon,  Ibid, 
pp.  22,-8. 

t  **  The  limestone  of  this  district  is  uniform  in  character,  highly  crystalline, 
and  with  a  slaty  structure,  exhibitiug  frequently  planes  of  beddiug  anddeaTage. 
*  •  •  The  average  strike  of  the  limestone  and  other  beds  is  very  constant, 
lyiug  always  between  the  limits  E.  27°  N.  &  E.  12°  N.  At  the  southern  junc- 
tion of  the  limestone  and  slaty  beds,  •  •  •  both  rocks  are  divided  by  two  sets 
of  planes :  one,  the  true  bedding,  dip  70°  S.,  and  the  other,  of  cleavage,  dip 
73°  N.  to  90°,  both  classes  of  planes  being  intersected  by  joint  planes,  making 
a  solid  angle  of  90**  with  the  cleavage  planes.  An  average  specimen  of  the 
calcareo  argillaceous  slate  accompanying  veins  of  copper  ore  at  Oreen  lane, 

afforded 

ArgiUum      49-26 

Peroxide  of  iron  and  alumina  ....     2*03 

Carbonate  of  lime 38*74 

Carbonate  of  magnesia 7*83 

Water 1*26 
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As  well  in  the  equivalents  of  the  Old  Red  sandstone, 
as  in  the  Carboniferous  slates  and  limestones,  the 
planes  of  cleavage  bear  6** — 15*  S.  of  E. — N.  of  W., 
and  dip  at  high  angles  towards  the  S.  Joints  of  two 
series  range  25^—30''  W.  of  N.— E.  of  S.,  and  IS**— 
20"  E.  of  N.— W.  of  S.,  respectively. 

Copper  and  several  of  its  ores*  are  less  or  more 
abundant  in  the  Old  Red  sandstone  series,  as  well  as 


"  Notwithttanding  a  careful  search,  several  times  repeated,  I  wai  unable  to 
procure  the  slightest  trace  of  fossils  in  the  limestone  of  this  district." 

Hauohton,  Journal  of  the  Geol  Soe,  of  Dublin,  yi.  pp.  208, — 9, — 10. 

**  The  rock  appears  at  the  surface  in  Kenmare  itself,  and  on  each  side  of  it. 
o  •  •  It  is  here  mostly  of  a  pale  gray,  flaky  or  splintery  limestone,  in  thick 
beds,  traversed  by  two  sets  of  joints  at  right  angles  to  each  other.  It  is  often 
Tery  difficult  to  determine  which  planes  are  those  of  stratification,  and  which 
are  joints,  and  the  obscurity  is  increased  by  the  whole  mass  being  traversed  by 
cleaTage  planes,  running  about  E.N.E.  &  W.S.W.,  and  dipping  southerly  at 
80^.  It  is  this  cleavage  which  gives  to  the  limestone  its  flaky  character,  and 
causes  it  to  split  into  thin  plates  of  pure  crystalline  carbonate  of  lime,  often 
coated  by  fllms  of  argillaceous  or  ohloritic  matter.  North  of  Cleady  the  pale 
and  dark  gray  limestone  [is]  generally  flaky,  and  often  crinoidal.  e  e  •  In 
following  up  the  bottom  of  the  valley  from  Cleady  to  Ardtully,  limestone  with 
the  same  general  character,  and  in  the  same  apparent  position  as  that  near 
Cleady,  may  be  observed  both  north  and  south  of  the  road  past  Caber  and 
Cloontoo/'^JaxBs  &  Willson,  ExplamUions  to  accompany  Sheet  184  of  the 
Oeoloffieal  Survey  of  Ireland,  pp.  23, — 4. 

•  <*  The  mineral  lodes  which  occur  in  this  district  are  lodes  of  copper  and  lead, 
the  copper  being  developed  at  •  •  •  the  junction  of  the  lower  carboniferous 
limestone  with  the  underlying  red  slates  and  sandstones,  •  •  •  the  plane  of 
the  lode  coinciding  nearly  with  the  bedding  of  the  slate  rock,  e  •  •  It  is 
worthy  of  remark  •  •  •  that  these  lodes  occur  in  the  same  geological  position 
as  the  Bearhaven  mine,  county  of  Cork,  which  may,  in  fact,  be  considered  as 
occurring  in  part  of  the  same  valley,  and  in  the  red  slates  south  of  and  older 
than  the  Carboniferous  limestone  of  the  Kenmare  valley/' 

Hauohton,  Journal  of  the  Geol.  Society  of  Dublin,  vi.  pp.  211 — 14. 
(Abridged.) 

"  Both  lead  and  copper  ores  are  found  in  the  limestones,  as  well  as  in  the  Old 
Red  sandstone  rocks  of  the  Kenmare  Valley,  appearing  at  various  localities, 
from  the  town  of  Kenmare  on  the  W.,  to  Cloontoo  House,  close  to  Ardtully,  on 
the  £.,  a  distance  of  about  four  miles.  One  deposit  •  •  «  said  to  contain 
purple  and  gray  copper  ores,  strikes  with  the  beds  of  the  Old  Red  sandstone, 
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in  the  Carboniferous  slates  and  limestones ;  but,  hither- 
to, lead  ore  *  has  been  obtained  in  the  limestone  only. 
The  arenaceous  slate,  which  represents  a  portion  of 
the  Old  Red  sandstone,  is  interlaid,  near  the  Caher 
rivulet,t  by  a  conformable  bed  of  quartz  and  quartzose 
slate,  mixed  with  earthy  brown  iron-ore,  and  lightly 
charged  with  copper  pyrites ;  but  it  is  of  inconsiderable 
extent. 


at  Oreenlane  •  •  •  S.  of  the  basal  boundary  of  the  Carboniferous  shales. 
Copper  pyrites  appears  in  the  pale  green  and  purple  grits  and  slates,  which 
occur  at  Cromwell's  Fort,  •  •  •  and  at  a  point  on  the  eastern  extremity  of 
Hncksna  Wood,  gray  copper  ore  is  found ;  in  both  instances  the  ore  occurs  as 
a  bed  in  the  Old  Red  sandstone,  and  not  as  an  ordinary  lode.  Trials  for  copper 
hare  been  made  in  the  dark  purple  slates  and  grits  of  the  Old  Red  sandstone 
•  •  •  N.W.  of  Caher. 

'*The  Ardtully  Copper  Mine  is  worked  on  a  true  lode  which. strikes  •  #  « 
across  the  limestones  •  •  •  [but  It]  becomes  poor  as  it  is  traced  to  the  W., 
where  it  has  been  found  to  pass  out  of  the  limestone,  and  cut  across  the  Tellow 
sandstone  beds.  •  •  #  The  limestones  which  appear  at  the  surface  [near] 
Roughty  Lodge  contain  layers  of  the  green  carbonate  of  copper  deposited  regu- 
larly between  the  beds.  ♦  #  •  In  the  grounds  of  Cloontoo  •  •  •  purple 
topper  ore  appears  in  the  limestones,  apparently  following  the  bedding." 

"Dv  NOTXB&  W1LL8OH,  ExplaruUions  to  accompany  Sheet  184  of  the 
GeoL  Survey  of  Ireland,  p.  37.  (Abridged.) 

« <*  The  lead  lodes  are  confined  exclusively  to  the  limestone,  throughout 
which  they  are  developed  in  several  parallel  bands,  principally,  however,  near 
the  northern  boundary.  The  lead  lodes  are,  like  the  copper,  nearly  conformable 
to  the  bedding  of  the  limestone,  both  in  strike  and  dip ;  [but]  this  conforma- 
bility  is  not  complete." — Hauqhton,  Journal  of  the  Geol.  Society  of  Dublin, 
Ti.  pp.  211^14.  (Abridged. ) 

**  Lead  ore  occurs  in  the  gray  limestones,  close  to  and  north  of  the  B.  C. 
Chapel  of  Kenmare ;  but  whether  as  a  deposited  bed  or  in  a  true  lode  does  not 
appear.   •   •   • 

**  The  Shanagarry  Lode  •  •  •  appearing  like  a  bed  interstratified  with  the 
limestone  •  •  •  contained  argentiferous  galena;  •  •  •  [but]  ;near  the  sur- 
face it  produced  considerable  quantities  of  iron  pyrites  and  blende.  S.  of 
Shanagarry  Castle,  another  lode  appears  at  the  surface,  having  the  same  dip  aa 
the  first,  and  also  containing  argentiferous  galena  and  blende.'' 

Du  NoYxa  &  WiLLsON,  Explanations  to  accompany  Sheet  184  of  the 
GeoL  Survey  of  Ireland,  p.  37.   (Abridged.) 
t  Ante,  p.  612. 
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About  a  furlong  N.  of  Clontoo  the  limestone  forms 
one  side  (wallf)  and  the  (?  carboniferous)  slate  the  other, 
of  ae  mtalliferous  deposit  (known  as  the  North,  Engine^ 
or  Ardtully  hde);^  which — nearly,  if  not  exactly, 
coinciding  with  the  cleavage-planes  of  both  the  adjoin- 
ing rocks— bears  6"— 10**  S.  of  E.— N.  of  W.;  f  in- 
clines— with  but  trifling  exceptions — towards  the  S. ; 
and  measures  from  one  foot  and  a  half  to  more  than 
ten  feet  in  width.  The  shallower  parts  consist,  in  great 
measure,  of  argillo-calcareous  clay  mixed  with  earthy 


•  (« The  Ardtully  Lode  occurs  at  the  northern  junction  of  the  limeitone  and 
red  slate.  •  •  •  It  has  heen  worked  to  a  depth  of  sixty-six  fathoms,  and  near 
the  engine  shaft  has  the  limestone  for  its  south  wall,  and  the  red  slate  for  its 
north  wall ,  •  •  •  The  slate  in  contact  with  the  north  wall  is  much  softer  than 
at  a  distance  from  it,  probably  owing  to  the  readier  percolation  of  water  throngh 
the  lode.  As  the  lode  is  traced  westward,  it  leaves  the  junction  of  the  limestone 
and  slate,  and  becomes  less  productive ;  and  it  has  been  found  most  metallifer- 
ous in  that  portion  of  it  which  lies  between  the  limestone  and  slate.  The  width 
of  this  lode  varies  from  three  to  ten  feet,  and  is  conformable  to  the  strata;  it 
consists  of  a  series  of  smooth  polished  sheets  or  secondary  walls  lying  within 
the  main  walls.  The  south  wall  of  the  lode  does  not  come  into  contact  directly 
with  the  limestone,  but  is  separated  from  it  as  the  north  wall  is  separated  from 
the  red  slate,  by  a  remarkable  black  shining  slate,  coated  with  fibrous  streaks  of 
a  mineral  resembling  some  of  the  hornblendes,  and  this  black  slate  forms  [both] 
walls  of  the  lode.  The  direction  of  the  lode  is  very  nearly  due  E.  &  W. ;  it 
underlies  S.  for  forty  fathoms,  about  two  feet  in  six;  it  then  becomes  vertical 
for  sixteen  fathoms,  and  ultimately  acquires  a  small  underlay  to  the  north." 
Hauohtoh,  JoumiUof  ihs  Qeoi.  Soeiefy  of  DubUn,  Tz.  p.  213. 
(Abridged.) 

[The  lode  worked  in  the  Ardtully  Copper  mine]  **  strikes  in  a  N.N. W.  diree- 
tion  aeross  the  limestones,  which  dip  about  8.  10^  E.  at  80**,  the  lode  itself 
inclining  to  the  S.  [It  has  been  described]  as  gray  copper  ore,  and  also  purple 
and  copper  pyrites,  worked  to  the  depth  of  sixty  fathoms.  The  lode  becomes 
poor  as  it  is  traced  to  the  W.|  where  it  has  been  found  to  pass  out  of  the  lime- 
stone, and  to  out  across  the  Tellow  sandstone  beds.  This  lode  underlies  S.  two 
feet  in  lix  for  the  first  forty  fathoms,  and  then  becomes  vertical." 

Dx7  NoYBa  &  WiLLsON,  Explanations  to  accompany  She^  184 
qf  the  QeoL  Survey  of  Ireland,  p.  37.  (Abridged.) 

In  1888  the  Magnetic  declination  at  Killarney  was  28*"  06'  West,  Ro88, 
Pha.  Trane.,  oxxxix.  p.  208.    Sabiitb,  Ihid,  PL  XIV.    Ante,  p.  608. 


'^mfW^Vvmmstmmi^n^ 


Copper- Mines  in  Ireland.  617- 

brown  iron-ore;  enclosing,  towards  the  N.  side,  small 
angular  masses  of  slate  thinly  encrusted  with  copper 
pyrites,  and  slightly  sprinkled  as  well  with  nodular 
concretions  of  hematite  iron-ore,  as  with  grains  of 
native  copper,  vitreous  copper,  purple  copper-ore,  and 
copper-pyrites,  throughout.  At  greater  depths,  and 
toward  the  (N.)  foot  walU  the  slaty  matter — which, 
itself,  is  a  principal  ingredient — presents  but  faint 
traces  of  cleavage;  yet,  here  and  there,  it  graduates 
into  the  schistose  rocks  of  the  underlying  Country ; 
some  portions,  however,  are  highly  siliceous,  and  bodies 
of  both  massive  and  granular  quartz  are  imbedded  in 
it  at  intervals.  Near  the  middle  of  the  deposit  a 
change  of  character  becomes  perceptible ;  aud  thence, 
towards  the  (S.)  hanging-wall^  it — like  the  incumbent 
rock— is  made  up  of  thin,  ill-defined  beds  in  which 
greyish  limestone  sometimes  alternates,  but  is  more 
frequently  mingled,  with  calcareous-spar.*  The  ores 
of  copper,  which  occur  near  opposite  sides  of  the 
formation,  differ  in  appearance  as  much  as  their  re- 
spective vein-stones;  the  argillo-siliceous  constituents, 
towards  theybo<-t(;a// yielding  yellow  ore  in  abundance, 
but  the  grey*  and  purple  ores  in  much  smaller  pro- 

•  Table  XXL,  colamns  5,  6,  7. 

t  "  Analysis  of  Gray  Copper  Ore  from  ArdtuIIy  Mine; 

Silica    5*29  per  cent., 

Sulphur    25-32  „  , 

Arsenic    •  16*07  „  , 

Antimony    3*70  „  , 

Copper    40-26  „  , 

Iron      4*54  „  , 

Zinc     3-18  „  , 

SiWer 0-16  „  , 

Sulpburet  of  Mercury  (?)  0*56  „  , 

9907       „ 

Havohton,  Journal  of  the  Oeol,  Soc,  of  Dublin,  Ti.  p.  212. 
RRRR 
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portions ;  whilst  the  calcareous  ingredients  afford  great 
quantities  of  the  grey  and  purple,  but  little  of  the 
yellow,  ore.*  • 

The  South  or  "  Forge  lode "  t — situate  about  one 
hundred  fathoms  within  the  N.  boundary  of  the  lime- 
stone, and  successfully  wrought  to  a  depth  of  twenty 
fathoms  on  the  same  meridian  as  a  productive  portion 
of  the  ""ArdtuUy  lode,''  J— also  bears  6^—1 0**  N.  of 
E.— 8.  of  W.,  and  dips  68*— 80*  S.  Its  opposite  sides 
are  bounded — and  in  certain  parts  of  its  range  it  is 
divided  lengthwise — by  undulating  joints,  in  some 
places  as  much  as  four  feet,  but  in  others  no  more 
than  three  inches,  apart.  The  included  vein-stone — 
resembling  the  contiguous  (Country)  rock — consists 

*  "  At  BotaOaek  one  of  the  lodu  panes  no  less  than  three  different  timee  from 
granite  into  slate;  and  at  every  change  it  yields  tin-ore  only  in  the  granite,  and 
TitreoQS  copper-ore  alone  in  the  slate.  ♦  #  # 

"  On  a  general  yiew  of  the  [mines  in  Cornwall  and  Devon]  it  will  appear  that 
the  hdn  in  granite,  elwrn^  and  the  massive  varieties  of  the  slate  series,  have 
yielded  beyond  comparison  the  largest  qnantities  of  tin-ore,  and  of  the  vitreous 
and  earthy  black  ores  of  copper,  «  *  *  whilst  the  lode$  which  traverse  the 
schistose  slates  have  chiefly  afforded  copper  pyrites." 

HxNWOOD,  ComwaU  GeoL  Trwu,,  ▼.  pp.  194 — 6. 

t "  At  a  distance  of  108  fathoms,  south  of  the  ArdtuUy  lode,  there  ooeurs 
another  lode  of  copper,  which  *  #  #  lies  altogether  in  the  limestone,  and  so 
far  as  it  has  been  worked,  contains  exclusively  horse/leth  or  purple  copper  ore ; 
its  direction  is  parallel,  or  nearly  so,  to  that  of  the  Ardtully  lode." 

Hauohton,  Journal  of  the  Qeoi,  Soeieiif  of  DuMin,  ▼!•  p.  213. 
**  In  the  grounds  of  Cloontoo  *  *  *  purple  copper  ore  appears  in  the  lime- 
stones, apparently  following  their  bedding ;  this  was  called  the  Forge  lode.    The 
same  copper  bed   *  *  *   is  reported  to  have  been  found  at  the  distance  of 
160  yards  W.  of  Caher  Bridge,  adjoining  Cloontoo." 

Dv  MoTXB,  &  WiLUoir,  EspUuuUiont  to  aeooflipany  Sheet  184  of  the 
Oeoiogieai  Swvey  of  IreUmdt  p.  87. 

}  Came,  ComtetM  OeoL  TVons.,  xii.  p.  78.  Fox,  ComwaU  Poljfteehme  TWrns., 
p.  88.  Henwood,  Comwatt  Geol,  Drone,,  Y.  pp.  87*,  215,  233;  Ante,  pp.  270, 
326,  663. 
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mostly,  of  greyish  limestone  and  calcareous-spar.  But, 
as  well  in  the  centre  as  at  the  sides  of  the  deposit, 
sometimes  one,  sometimes  the  other,  ingredient  pre- 
vails ;  in  every  part,  however,  the  limestone  is  sprinkled 
and  veined  with  spar;  and  this — ^in  one  instance  at 
least — seems  to  have  been  aggregated  on  some  foreign 
(?  organic)  body.*  To  a  depth  of  twelve  fathoms 
purple  ore  abounded;  and  the  grey,  yellow,  and 
earthy  black,  ores  of  copper — although  much  less 
plentiful — occurred  also  in  notable  quantities.  Thence 
downward,  however,  they  all  gradually  declined ;  and 
at  twenty  fathoms  from  the  surface  the  several  varieties 
appeared  only  in  granules  and  thin  veins  sparingly 
scattered  through  the  vein-stones.  The  different  sorts 
^^y*  perhaps,  have  been  more  frequently  separate  than 
mixed;  but  here  and  there  purple  ore  was  thickly 
sprinkled  and  minutely  veined  either  with  grey  or 
yellow,  and  sometimes  with  both.  Earthy  black  ore 
occasionally  invested  each  of  the  other  kinds;  but 
usually  it  formed  small  isolated  masses.  Great  quan- 
tities of  the  various  prevalent  ores  occurred  in  the 
limestone;  but  all  have  been  incomparably  more 
plentiful  in  the  spar. 

A  deposit,  parallel  to  the  ^^  Forge  lode"  was  opened 
in  the  limestone  some  twenty  fathoms  further  S. ;  but 
— notwithstanding  the  identical  nature  of  the  vein- 
stone— galena  was  the  only  ore  it  afforded. 

The  "  Shanagarry  lode  "  t — which,  about  one  mile 

{  Tahle  XXI,,  eolaxnn  6. 

t  *'  The  Shanagarry  lode  lies  in  the  limestone,  at  a  distance  of  about  180 
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and  a  half  W.  by  S.  of  Clontoo,  has  been  wrought  to 
a  considerable  depth — conformably  interlies  the  con- 
tiguous limestone,  bears  16** — 20°  N.  of  E. —  S.  of  W., 
and  dips  60" — 70°  S.  The  barren  portions  are  barely 
discerned  in  some,  but  measure  more  than  two  feet 
in  other,  places;  the  productive  part, — which  is  but 
short, — varies  in  width  from  two  and  a  half  to  four 
feet.  Whether  the  lode  be  large  or  small,  poor  or  rich, 
its  earthy  ingredients — like  those  of  the  adjoining 
(Country)  rocks — ^are  mostly,  if  not  altogether,  grey- 
ish  limestone  and  calcareous  spar.  Where  the  lode  is 
broad  and  rich, — although  including  small  angular 
masses  of  limestone, — it  consists  chiefly  of  spar ;  when, 
on  the  contrary,  it  is  small  and  poor, — notwithstanding 
spar  is  still  present, — limestone  prevails.      Shallow 


fathoms  from  its  northern  boundary.  It  is  being  worked  at  two  points,  at 
Shanagarry  and  Cleady.  The  direction  of  this  lode  is  accurately  £.  22"*  N.,  and 
it  is  very  nearly,  but  not  quite,  coincident  with  the  strike  of  the  limestone  in 
which  it  occurs;  the  strike  of  the  latter  being  E.  17°  N.  This  lode  has  been 
worked  ♦  ♦  «  on  a  pipe  Tein,a  to  a  depth  of  42  fathoms;  it  underlies  for  30 

a  **  The  pipe,  in  general,  does  not  cut  the  Strata  like  ths  rake  Tein,  but  it  an  opening  be- 
tween them,  to  that  if  the  lay  or  petition  of  the  Strata  it  nearly  horisontal,  to  it  the  basriiig 
of  the  pipe;  but  if  the  declination  of  the  Strata  it  precipitout,  the  pipe  thooti  down  headlong, 
almott  like  a  thaft.  Some  pipet  are  Tery  wide  and  high,  othert  are  rery  low  and  nairow.  *  *  * 
The  hard  pipe  feint  contain  all  the  Tsrlety  of  mineral  matter,  which  it  commonly  foand  in  hard 
rake  reint.  Some  of  them  are  found  quite  full  of  tolid  ore,  othert  ere  Udl  of  ore  miied  with 
tpsr,  rider,  Sec. ;  end  tome  are  full  of  tpar,  or  rider,  without  any  ore  at  all>  Soft  pipe  Teint 
are  at  frequently  met  with  at  the  hard ;  that  it,  toch  at  contain  toft  minersl  toilt  within  the 
tubulout  concavity  of  the  pipe.  *  *  *  Pipe  Telnt  do  not  always  approach  the  tubular  form ; 
many  of  them  are  much  wider  than  they  are  high ;  *  *  *. 

*'  All  pipe  Teint  do  not  continue  betwixt  two  dittinct  bedt  of  ttone.  Sometimet  they  bortt 
their  way  up  through  the  Strata,  and  then  they  have  a  much  greater  tlope  than  the  ordinary 
declivity  of  the  ttrata,  *  *  *  and  may  be  taid'to  have  no  bearing  at  all,  at  the  one  end  dtps 
down  towardt  the  centre,  and  the  other  end  pointt  up  towardt  the  tiirfkce:  and  toch  of  them 
at  do  not  ttand  to  near  the  perpendicular,  teldom  or  never  run  in  a  ttraight  line,  but  wind 
downward  in  a  tloping  and  oblique  direction.    *  *  * . 

"  From  tome  aeoumukUtd  pip*  veint,  a  great,  and  from  othert  a  leit,  number  of  nearly  per- 
pendicular fbturet  or  rake  veint  meet,  and  Join  in  one  common  centre." 

FoasTSB,  Section  of  ths  Strata  from  NeiveaitU'Upon'Tyne,  to  Crou  FM 
in  Cwnberlandf  pp.  246— 0,^66 
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parts  of  the  spar,  for  a  few  fathoms  in  length,  are  rich 
in  galena ;  and  smaller,  yet  considerable,  quantities  of 
blende  and  iron  pyrites  besprinkle  as  well  the  lead-ore 
as  the  vein-stone.  Even  where  limestone  abounds, 
minute  proportions  of  similar  ores  are  unequally  scat- 
tered through  the  lode.  At  about  twenty-five  fathoms 
from  the  surface,  however,  both  the  pyrites  and  the 
blende  disappear ;  and  at  thirty-eight  fathoms  galena 
occurs  in  short  threads  and  isolated  particles  only. 

This  is,  perhaps,  the  only  part  of  the  United  King- 
dom in  which  the  ores  of  copper  are  so  exclusively 
confined  to  some,*  and  those  of  lead  to  other,t  nearly 
parallel  deposits  within  so  small  an  area. 

Other  metalliferous  formations  have  been  wrought 
in  the  neighbourhood,;]:  but  the  writer  has  had  no 
opportunity  of  examining  them. 


fathoms  about  2  feet  in  6,  when  it  becomes  more  perpendicular,  and  the  rock  also 
is  softer.  The  average  dip  of  the  lode  is  70^  S.,  and  of  the  limestone  76^  8. 
The  metalliferous  part  of  the  lode  lies  in  sheets  between  thin  partings  of  lime- 
stone and  dips  with  them,  but  seems  at  intervals  •  •  *  to  cut  through  the 
limestone  sheets  to  the  south,  reappearing  In  other  beds  farther  south.  Near 
the  surface  this  lode  produced  considerable  quantities  of  iron  pyrites  and  blende, 
but  in  the  bottom  levels,  the  argentiferous  lead  ore  is  free  from  these  substances.*' 
Hauoutom,  Journal  of  the  Geol,  Society  of  Dvblinf  vi.  p.  213. 

"  The  Shanagarry  lode  strikes  E.N.E.  •  •  •  appearing  like  a  bed,  inter- 
stratified  with  the  limestone,  which  here  dips  S.8.E.,  at  75^.  This  so-called  lode 
contained  argentiferous  galena,  and  was  worked  to  the  depth  of  about  forty 
fathoms.  Near  the  surface  [it]  produced  considerable  quantities  of  iron  pyrites 
and  blende." 

Du  NoTBB  &  WiLLSON,  Explanotiotis  to  accompany  Sheet  184  of  the 
Geol,  Sitrvey  of  Ireland f  p.  37.  (Abridged.) 

*  Anie,  pp.  616,  618. 

t  Ante,  p.  619. 

X  Haughton,  Journal  of  the  Geol,  Society  of  Dublin^  vx.  pp.  206 — 14.  Du 
Noyer  &  Willson,  Explanations  to  accompany  Sheet  lS4ofthe  Geological  Survey 
of  Irelatid,  pp.  37 — 8. 
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The  only  CrosS'vein  yet  known  in  the  district  bean 
15'_20"  W.  of  N.~E.  of  S.,  dips  78**— 84*  W.,  and 
measures  from  six  inches  to  one  foot  and  a  half  in 
width.  It  intersects,  as  well  the  limestone  and  the 
slate  beneath  it,  as  the  Ardtully  lode  which  interlies 
them,  but  causes  no  (heave)  displacement  of  either.* 

The  drift  is  exposed  in  many  localities ;  f  but  it 
contains  neither  metal  nor  ore. 

At  Brownstawn,  near  Navan,  in  Meath,  the  rock — 
an  upper  portion  of  the  (3arboniferous-limestone:{: — ^is 


*  **  A  cross  course  of  calcareooi  spar  intersects  the  Ardtully  lode,  underlying 
west,  and  with  a  direction  N.  17^  W.  This  cross  course  does  not,  appear  to  heave 
the  lode,  which,  however,  becomes  poor  to  the  eastward  of  the  cross  course,  and 
particularly  rich  at  the  intersection  westward." 

Hauohtok,  Journal  of  the  Qtol,  Soe.  of  Dubim,  n,  p.  218. 

t «  Just  inside  the  limestone  boundary,  occurs  the  curious  green  grit  boulder, 
called  Carrig-a>cappeen;  it  is  a  greenish  quartsite,  resting  upon  a  pinnacle  of 
limestone,  and  has  the  appearance  of  a  large  fungus,  of  which  the  limestone 
pinnacle  is  the  stem.  The  whole  valley  near  Kenmare  is  full  of  these  travelled 
boulders,  many  of  which,  particularly  the  red  sandstones,  are  grooved  and  striated, 
as  if  they  had  been  held  whilst  being  pushed  along  a  sharp  surface,  which  has 
cut  and  polished  them." 

Havohtok,  Journal  of  the  Geol  Soe.  of  Dublin^  ti.  pp.  210^11. 

Du  Noyer  Exptanatiom  to  ocwmpami^  Sheet  184  of  the  Qeoloffieal  Smvesf  of 
Jreiandf  p.  86. 

}  *<  In  this  subdivision  the  Upper  Limestone  is  invariably  evenly  bedded  and 
compact,  of  a  dark  gray  colour,  sometimes  almost  black.  The  beds  are  often 
separated  from  each  other  by  layers  of  dark  gray  earthy  or  sandy  shale.*' 

Du  NoYBB,  Explanaiiont  to  accompany  Sheet  101  qf  the  Qeol,  Swvejf 
of  Ireland,  p.  8. 

"  The  lowest  portion  of  the  Coal  Measures  in  this  district  can  with  difficulty 
be  distinguished  from  the  top  of  the  Upper  Limestone,  the  chief  characteristic 
differences  being  a  change  from  limestone  to  a  very  compact  dark  gray  calcareous 
grit,  with  layers  of  impure  siliceous,  or,  often  earthy  so-called  limestones,  or 
highly  calcareous  grits." — Ibid* 

**  The  beds  here  called  Coal  Measures  are,  most  probably,  the  representatives 
of  the  Upper  Limestone  shale  of  Derbyshire,  and  the  bottom  part  of  the  Millstone 
Grit."— Jukes,  Ibid,  p.  9. 
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crystaliiQe,  of  blackish-blue  or  bluish-grey  hue,  dis- 
posed in  thick  beds ;  which  bear  nearly  N.E. — S.W., 
dip  N.W.  15"* — ^20^  and  alternate  with  thin  layers  of 
calcareo-siliceous  shale. 

The  limestone  adjoining  the  metalliferous  deposit 
(hereafter  described),  rarely  contains  fossils;  even 
within  short  distances  they  are  scarcely  common ;  but 
about  one  hundred  fathoms  W.  they  occur  in  plenty 
and  variety.*  The  shales,  on  the  contrary,  are  every- 
where rich  in  organisms ;  amongst  which  the  remains 
of  plants  are  numerous. 

Two  lodeAike  bands,  both  bearing  18^—25^  W.  of 
N. — E.  of  S.,t  and  dipping  60"* — 76**  E.,  have  attracted 
notice ;  principally  at  Brovmstown^  yet  also — ^though 
in  smaller  degree — at  other  parts  of  their  course  to- 
wards Cusackstown,  about  a  mile  S;  On  one  of  them 
a  few  shallow  pits  have  been  opened.  On  the  other — 
to  which  the  following  remarks  refer — a  shaft  has  been 


*  For  *'  the  following  list  of  foisils^  obtained  from  the  Carboniferoas  limeetone 
at  Brownstown,  bj  Mr.  Me.  Henry  of  the  Oeologieal  Surrey,"  the  writer  is  in- 
debted to  the  kindness  of  William  Hsllibb  Bailt,  Bsa.,  F.L.8.y  F.G.8.» 
Paleontologist  to  H.M.  Geological  Surrey  of  Ireland. 

CO&ALB 

ZaphrmUB  eyUndrica^  LUhoUroUonjyneimn,  L,  qfitnU, 

BOHIirODBBlCATA. 

Poterioerinui  erauut  (fragments  of  stems). 

CRXrSTAGBA. 

PMOiplia  pwhUata  (tail). 

MOLLUBOA — B&AOHIOPODA. 

OrthiBf  O.  retttpinaia  (Tar.  gibbota,  rery  large), 

Produeta  giganUa^  P,  $emw^Ueulata,  P,  muoklba^ 

ChontUs  pegnUonacea^  C  floreftwmf,  Sinptorhjfnokiu  cretithiria, 

i^nrifera  pinguia, 

fAni$,  pp.  641,^75. 
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sunk  about  eighteen,  and  a  cutting  at  the  surface, 
together  with  a  drift  beyond  it,  have  been  extended 
nearly  one  hundred  and  twenty,  fathoms. 

Certain  portions  exhibit  a  veined  character,  from 
being  sliced  by  longitudinal  joints ;  but — as  these  dis- 
appear one  by  one — the  mass  gradually  assumes  a 
compact  and  uniform  structure;  at  intervals,  however, 
the  joints  reappear,  but  within  short  spaces  they  again 
die  away.  Every  variety,  as  well  of  compact,  as  of 
veined,  structure,  is  thus  presented  in  turn.  The  vein- 
stone— partaking  the  nature  of  the  adjoining  {Country) 
rock — consists,  in  great  measure,  of  calcareous-spar; 
largely  mixed  and  frequently  veined,  however,  with 
granular,  massive,  or  crystalline  quartz.  Angular 
masses  of  blackish,  or  bluish-grey,  limestone, — varying 
from  merely  microscopic  sizes  to  (horses)  some  feet  in 
width  and  several  fathoms  in  length  and  depth, — are 
imbedded  indifferently  in  the  other  calcareous,  or  the 
siliceous,  ingredients,  and  sometimes  partly  in  either ; 
occasionally,  indeed,  they  constitute  the  larger  part 
of  the  formation.*  Within  short  distances  of  the 
surface  earthy  brown  iron-ore  is  largely,  but  unequally, 
mixed  with  friable  portions  of  the  matrix ;  whether  of 
quartz  or  of  calcareous  spar.  And  these  are  often 
interspersed  with  small  masses  of  the  green  carbonate 
of  copper  and  of  earthy  black  copper  ore.  At  greater 
depths,  the  gangue  is,  at  intervals,  sprinkled  and  veined 
with  copper-pyrites,  of  which  the  surface  is  frequently 

•  Henwood,  Comwail  Geol  Tfxmt,,  v.  pp.  211,-29;  Ante,  pp.  20»— 3,  181,— 
90,-94,  251,  381,424, 561,— 64,— 8. 
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invested,  and  the  crevices  and  joints  are  mostly  faced, 
with  earthy  black  copper-ore ;  but  here  malachite  is 
seldom  found.  In  all  parts  of  the  deposit,  however, 
the  ores  of  copper  prefer  a  quartzose,  to  a  calcareous, 
matrix. 

Both  the  vein-stone  and  the  (Country)  rock  adjoin- 
ing contain  many  (vughs)  cavities ;  *  but  those  in  the 
former  are  lined  with  crystals,  as  well  of  quartz  as  of 
calcareous-spar,  whilst  all  are  filled  with  calcareo- 
siliceons  clay,  which  is  occasionally  tinged  with  earthy 
brown  iron-ore.  Several  of  the  abandoned  works  are 
encrusted  with  calcareous  stalagmite ;  which,  here  and 
there,  is  coloured  with  the  green  carbonate  of  copper. 

At  a  depth  of  seventeen  fathoms  two  severed  joints 
of  a  large  Encrinite  f  were  extracted  from  a  quartzose 

•  **  One  remarkable  oharaeter  of  [the  Carboniferotti]  limestone  throughoat  its 
frbole  course  in  the  Korth  of  England,  and  indeed  through  all  parts  of  the  king- 
dom where  its  mast  is  considerable  and  not  much  divided  by  interposed  shales 
and  grits,  is  the  occurrence  of  subterranean  caTems." 

Phillips,  Geology  of  Yorkshire,  n.  p.  167. 

t  ■*  Parallel  Tcins  4k  *  *  traverse  the  Mendips  in  a  direction  east  and  west, 
from  one  end  to  the  other,  and  are  occasionally  intersected  by  others  from  north 
to  south.  They  appear  to  pass  downwards  through  the  whole  thickness  of  the 
Carboniferous  Limestone,  and  have  been  proved  at  Charter  House  to  a  depth  of 
260  feet.  In  general  they  are  of  Liassic  age ;  but  the  mineralogical  and  Palaoonto- 
logical  Tariety  they  present  show  that  they  were  not  formed  contemporaneously. 
Probably  they  were  for  a  long  time  open  to  the  Liassic  seas,  and  must  in  many 
instances  have  received  their  contents  very  gradually ;  a  Liassic  fauna  not  only 
inhabited  the  ocean  above,  but  lived  within  the  Carboniferous  Limestone  walls  of 
the  open  fissures,  and  the  remains  of  Gasteropoda  and  other  organisms  may  still 
be  seen  attached. 

"  The  mineral  districts  comprised  in  this  part  of  the  Mendips  and  Priddy 
were  extensively  worked  during  the  Roman  occupation.  *  *  *  Owing  to  their 
imperfect  mode  of  working,  about  12^  per  cent,  of  lead  remains,  which  is  now 
being  extracted.a    In  general  the  lead-ores  of  the  district  *  prove '  near  the 

a  The  «Mm«*,  tktgtf  and  other  refiiM  of  ancient  lead-mining  and  imeltinf  optratlont  in  the 
Mendlpi  and  at  Priddy,  have  been  Mtimatad  at  from  406,9<K>  to  000,000  cable  yards; 

and         „        valued  „       JBMO,000  to  jeOOO.OOO. 

Salicov,  MMmg  and  BmtUing  MagaxlM$,  Tx  p.  888. 

SSSS 
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part  of  the  metalliferous  band ;  and  somewhat  deeper 
a  specimen  of  (?)  Turbinolia  *  was  found  imbedded  in 
a  subordinate  vein  of  massive  copper-pyrites^t 

Large  collections  of  the  rocks  and  vein-stones  of 
these,  and  other,  districts,  had — from  time  to  time — 
been  carefully  arranged,  in  the  Museum  of  the  Royal 
Geological  Society  of  Cornwall^  by  the  writer ;  but, 
— ^in  order  to  make  room  for  specimens  of  another 
series — they  were  cast  out  by  the  officers,  and  carted 
off  as  rubbish. 


■urface;  and  ao  well  and  completely  did  the  Romans  appear  to  have  ezliansted 
the  Teins,  that  little  has  subsequently  been  worked  profitably.  *  •  •  At 
Charter  House  Warren  *  *  *  I  examined  sereral  of  the  upper  galleriet,  and 
found  the  materials  therein  chiefly  composed  of  crystalline  carbonate  of  lime, 
giving  place  occasionally  to  sulphate  of  barytes,  conglomerate,  and  thin  bands 
of  vertical  limestone,  with  all  the  ordinary  features  of  a  mineral  vein.  From  the 
end  of  one  of  the  galleries,  at  a  depth  of  about  90  feet,  I  secured  some  samples 
of  what  appeared  to  be  a  sandy  deposit,  but  which^  when  washed,  was  found  to 
be  almost  entirely  composed  of  dismembered  joints  of  Encrinites,  chiefly  (if  not 
wholly)  of  Carboniferous-limestone  age,  and  with  occasional  pebbles  of  hsmatite 
iron- ore. 

'*  At  a  depth  of  270  feet  I  «  •  «  found  a  deposit  of  deep-blue  or  greenish 
clay  about  12  feet  thick,  •  •  •  in  places  in  thin  horiaontal  layers,  m  %  % 
whilst  in  other  spots  it  presented  a  more  conglomeratic  character,  and  contained 
drift-wood,  pebbles,  &c.  •  *  %  From  this  one  locality  there  have  been  ob- 
tained at  least  115  species  of  fossils  below  the  Mendip  horiaon  for  workable 
minerals.  A  few  of  these  in  the  vein  abo^e,  and  also  in  the  clay  at  the  base* 
are,  as  might  be  expected,  derived  from  the  Carboniferous  Limestone;  but  these 
species  are  readily  distinguished  from  those  of  Liassic  age,  and  are  not  more  than 
twenty  in  number ;  they  consist  chiefly  of  diff'erent  species  of  Bryosoa  and  Corals, 
with  three  species  of  Brachiopoda,  via.  Terebratula  hastata,  OrtMt  Miehelini, 
and  Atrypa. 

"  Although  the  veins  are  chiefly  productive  in  their  upper  portions,  the  blue 
clay  in  which  these  remains  are  found  is  mineralised,  and  contains  almost  7  per 
cent,  of  galena.  The  wood  in  it  is  converted  into  jet,  and  its  cells  filled  oc- 
casionally with  that  mineral." 

MooRB,  Quarterly  Journal  of  the  Geol,  Society,  xxiii.  pp.  456, — 9l,~3. 

•  Phillips,  Geoloffy  of  Yorkshire,  ii.  p.  203,  PL  IL 

t  During  the  writer's  residence  in  Brazil  (1843—9)  his  collections  were  dis- 
persed ;  and,  unfortunately,  this  specimen  was  lost. 
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The  Detrital  Gold  of  Wicklow. 
Towards  the  close  of  1796  gold  was  accidentally 
discovered  in  the  Ballinvalley  * — since  called  the  Gold- 
mine— brook,  a  tributary  of  the  river  Aughrim,  which 
rises  on  the  eastern  slope  of  Croghan  Kinshela  and 
falls  into  the  Ovoca  at  the  Wooden -bridge.  The 
finders  kept  their  secret  awhile ;  but  when  it  oozed 
out,  the  neighbourhood  became  crowded  with  gold- 
seekers,  and  for  some  weeks  the  public  had  it  ail  to 
themselves.  At  length  the  Government  interfered, 
and  commissioned  Messrs.  Weaver,  Mills,  and  King  to 
conduct  systematic  operations ;  which  were  carried  on, 
with  some  little  advantage,  until  1798,  when  their 
works  were  destroyed  by  the  rebels.t  In  1801  pro- 
ceedings were  resumed  at  Ballinvalley,:|:  and  examina- 
tions were  commenced  at  Croghan  Moira,^  Ballycreen,§ 
and   Ballynacapogue ;  §   but  as  the  reopened  stream' 


***The  discoTery  of  native  gold  in  the  Ballin valley  stream  at  Croghan 
Kinshela  was  accidental,  and  at  first  kept  secret,  bat  being  divulged,  almost  the 
whole  population  of  the  neighbourhood  flocked  in  to  gather  so  rich  an  harvest, 
actually  neglecting  at  the  time  the  produce  of  their  fields.  This  happened  about 
the  autumn  of  1796.  when  several  hundreds  of  people  might  be  seen  daily 
digging  and  searching  for  gold  in  the  banks  and  bed  of  the  stream.  Con- 
siderable quantities  were  thus  collected  ;  this  being,  as  it  subsequently  proved, 
the  most  productive  spot;  and  the  populace  remained  in  undisturbed  possession 
for  nearly  six  weeks,  when  the  Government  took  possession  of  the  stream,  and 
stationed  a  detachment  of  militia  on  its  banks/' 

Weavbr,  GeoL  Trans.,  v.  p.  208. 

Mallett,  JourruU  of  (he  Gtol,  Society  of  Dublin,  iv.  p.  270.  Smyth,  Recordt 
of  the  School  of  Mines,  i.  p.  401. 

t  An  Act  of  Parliament  was  passed  for  the  mansgement  of  the  undertaking  and 
Mr.  Mills,  Mr.  King,  and  the  Author,  were  appointed  Directors.  Regular  stream- 
works  were  soon  established,  and  up  to  the  •  •  •  rebellion  in  May  1798,  when 
the  works  were  destroyed.  Government  had  been  fully  reimbursed  its  advances, 
the  produce  of  the  undertaking  having  defrayed  its  own  expenses,  and  left  a 
surplus  in  hand.** — Wbatbr,  Oeol,  Trane.,  v.  p. 208. 

t  llfid. 

§  **  But  the  discovery  of  native  gold  was  not  confined  to  Croghan  Kinshela. 
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works  became  less  productive,  and  as  the  other  localities 
had  afforded  very  little  gold,  the  operations  of  the 
Commissioners  were  discontinued  in  1802.*  For 
nearly  forty  years  after,  the  district  remained  an- 
wrought,  except  by  a  few  neighbouring  cottagers,  who 
gleaned  particles  of  gold  from  the  refuse  of  the 
Government  works  f  and  from  the  beds  of  the  streams. 
In  1842,  however,  several  tin-streamers  were  brought 
from  Cornwall  by  an  English  Company ;  '^  but,  as  they 
were  hardly  more  successful  than  the  native  poachers 
had  been,  their  services  were  soon  dispensed  with,  and 
the  peasants  resumed  their  labours.  For  twelve  or 
fifteen  years  afterward,  the  gold-region  was,  once 
more,  invaded  by  the  populace ;  but  about  1857  the 
Carysfort  Mining  Company  obtained  a  lease  of  the 
Mineral  rights,  which,  however,  they  have  long  since 
surrendered. 


Trials  were  instituted  in  another  mountain  also,  named  Croghan  Moira,  and  gold 
was  obtained  there,  though  in  very  small  quantity.  •  •  •  One  trial  was  made 
on  Ballycreen  and  minute  particles  of  gold  were  found.  •  •  •  Another  trial 
was  made  in  Ballynacapogue  brook,  and  small  particles  of  gold  were  obtained.'* 

Wkatbb,  Geol,  TVons.,  v.  p.  213. 
•  Mallet,  Journal  of  the  GeoL  Society  of  Dublin,  it.  p.  270. 

t  "  Since  the  workings  were  abandoned  by  Qovernment,  a  few  of  the  peasants 
of  the  country  round,  have  occupied  themselves  irregularly  and  at  interTals,  in 
re-washing  the  sand  which  had  been  carefully  turned  over  before,  and  from  which 
they  still  obtain  some  gold  in  small  grains,  but  scarcely  sufficient  to  afford  them 
the  means  of  subsistence." — Ibid,  p.  270. 

X  **  About  six  or  seren  years  ago  [1843 — 4],  some  further  attempts  in  search 
of  gold  were  made  by  a  company  organised  for  the  purpose ;  •  •  •  these,  how- 
ever were  also  unsuccessful,  and  the  washing  is  again  solely  carried  on  by  a  small 
number  of  the  pessanU."— /6«<l. 

**  A  little  glen  which  intersects  Ballintemple  has  been  lately  worked  on  a  small 
scale  with  some  success  for  several  years.'* 

Smtth,  Records  of  the  School  of  Mines,  i.  (1853)  p.  406. 


•^m 
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In  several  other  parts  of  the  district,*  south  of  the 
Sulphur'COur8et'\'  particles  of  gold  have  been  found, 
but  they  have  not  tempted  the  discoverers  to  extend 
their  operations. 

The  detrital  matter,  is,  for  the  most  part,  shallow 
enough  to  be  conveniently  wrought  by  open-cutting ; 
although  in  one  instance,  at  least,  its  depth  is  so  great 
that  it  has  been  worked,  in  shafts  sunk  to  the  (shelf) 
rock  and  by  (levels)  drifts  extended  along  its  surface, 
more  cheaply  than  by  the  removal  of  the  whole  over- 
burthen.^ 

The  deposit  consists,  in  great  measure,  of  gravel, 
shingle,  boulders,  and  angular  blocks  of  various  slates ; 
mixed,  here  and  there,  with  pebbles  of  granite,  and 
smaller  quantities  of  many  other  earthy  substances ;  § 

•  Wearer,  Qeol,  Trans.,  ▼.  p.  218.  Smyth,  lUoordi  of  the  School  of  Mines,  i. 
p.  405.    John  Hodge,  Esq.,  M88. 

t  WeftTtr,  OeoL  Thme^  ▼.  p.  218—19.  Haughton,  Journal  of  the  GeoL  Soe. 
of  DvbUn,  XT.  pp.  479—^.  Smyth,  Records  of  the  School  of  Mines,  i.  pp.  871 
—96.  Mahon,  The  Mines  of  Wicklow,  pp.  86—78.  Ante,  pp.  643—60,  Table 
XVJJL 

J  **  As  usual  with  such  deposits  of  local  detritus,  its  variation  in  thickness 
was  Tory  great  even  in  a  limited  area;  and  thus  the  treasure  was  in  some 
places  to  be  attained  close  to  the  surface,  in  others  only  beneath  a  great  thick- 
ness  of  Tslueless  material  more  or  less  difficult  to  pierce  through  and  remoTe." 

SxTTH,  Records  of  the  School  of  Mines,  i.  p.  403. 

"  In  some  cases  it  was  found  cheaper  to  sink  shafts  from  the  surface  and  to 
drive  levels  from  them  through  the  sand  and  gravel,  than  it  was  to  work  the  de- 
posit  by  d^Mn-ciut."— John  Hodob,  Esq..  of  Ballymurtoffh,  MSS. 

{  **  The  gold  was  ♦  •  •  dispersed  through  a  kind  of  stratum  composed  of 
clay,  sand,  gravel,  and  fragments  of  rock,  and  covered  by  soil,  which  sometimes 
attained  a  depth  of  from  twenty  to  fifty  feet  in  the  bed  and  banks  of  the  different 
streams.  At  Ballinvalley  it  was  constantly  found  that  the  gold  was  attended 
by  magnetic  ironstone,  sometimes  in  masses  of  half  a  hundred  weight,  by  mag- 
netic iron  sand,  by  cubic  and  dodecahedral  iron  pyrites ;  and  in  small  pieces 
and  grains,  by  specular  iron  ore,  brown  and  red  ironstone,  iron  ochre,  fragments 
of  tinstone  crystals,  wolfram,  grey  oxide  of  manganese,  pieces  of  quarts  and 
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as  well  as  with  masses  of  several  ferruginous  minerals, 


chlorite,  and  aometimea  fragmenU  of  quarts  crjatalt.  •  •  m  Several  of  the  eon* 
tcmporaneoua  quarts  Teins  contained  in  the  mountain  •  •  •  [yielded]  magnetic 
iron  stone,  iron  pyrites,  copper  pyrites,  blende,  and  iron  ochre,  with  chloriCie, 
and  quarts  crystals.     #  •  • 

At  Ballycreen  the  gold  was  "  accompanied  by  magnetic  ironstone,  magnetic 
iron  sand,  compsct  brown  ironstone,  cubical  iron  pyrites,  and  numerous  small 
garnets.  •  •  •  In  Ballynacapogue  brook  particles  of  gold  were  obtained,  with 
magnetic  ironstone,  magnetic  iron  sand,  and  fragments  of  tinstone  crystals.*' 

Wbavbb,  Geol,  TVons.,  ▼.  pp.  209,-10,-13  (Abridged). 

"  The  following  list  comprises  all  the  species  which  I  have  been  able  to  detect, 
but  probably  does  not  by  any  means  exhaust  the  number  of  those  which  actually 
exist  in  the  sand  from  various  parts  of  the  bed  of  the  principal  stream; — gold* 
platina^  tinstone,  magnetic  oxide  of  iron,  micaceous  iron,  red  iron  ochre,  hydrous 
peroxide  of  iron,  common  clay  ironstone,  iron  pyrites,  titaniferous  iron,  arsenical 
iron,  wolfram,  oxide  of  manganese,  copper  pyrites,  galena,  sulphuret  of  molyb- 
denum, sapphire,  topas,  spinelle,  sircon,  garnet  (two  varieties)  quarts,  prase, 
augite,  chlorite,  felspar,  and  mica.  •  •  • 

The  occurrence  of  tinstone  in  the  sand  is  mentioned  by  Wearer,  but  he  does 
not  seem  to  have  been  at  all  aware  of  the  large  quantities  in  which  it  exists. 
From  the  comparatively  small  portion  [certainly  not  more  than  150  lbs.]  of  sand 
which  I  had  an  opportunity  of  examining,  I  obtained  about  [0*0233  its  weight] 
3|  lbs.  of  stream  tin,  a  portion  of  which  being  reduced,  yielded  an  ingot,  which, 
when  refined  by  a  second  fusion,  is  hardly  inferior  to  the  finest  grain  tin.  •  •  « 
The  mineral  itself  occurs  in  grains  varying  in  sise  from  fine  sand  up  to  pebbles 
of  half  an  inch  in  diameter,  and  for  the  most  part  of  a  dark  brown  oolonr,  with 
some  fragments  of  various  tints  of  yellow  and  red ;  some  presenting  the  pecu- 
liar appearance  to  which  the  name  of  "  wood  tin  "  has  been  given.  All  these 
varieties  are  slightly  translucent,  some  of  them  highly  so.  Many  of  them 
present  distinct  traces  of  their  original  crystalline  form.  •  «  •  The  specific 
gravity  of  some  picked  crystals  was  6*753.  A  careful  analysis  of  this  tinstone 
gave  as  its  constituents — 

Peroxide  of  tin 95*26 

Peroxide  of  iron 2*41 

Silica      0-84 


98-51 

*'  The  remainder  of  the  sand  consists  of  the  detritus  of  the  adjoining  rocks, 
which  are  principally  day-slate  and  mica-slate.*' 

Mallet,  Joumai  of  the  Geol.  Society  of  Dublin,  iv.  pp.  270,— 1,-2,— S,— 6 
(Abridged). 

**  The  gold  occurred,  disseminated  through  an  irregular  bed  composed  of  clay, 
sand,  and  fragments  of  rock  more  or  less  rounded.  •  •  *  A  great  number  of 
other  minerals  accompanied  the  gold,  •  •  «  [its]  most  important  companion 
is,  however,  •  e  •  the  tin-stone ;  and  from  having  been  able  to  detect  but  little 
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some  amount  of  tinstone.*  small  fragments  of  sundry 
other  ores,  and  gold  in  minute  proportions;  all  im* 
bedded  in  sand  and  clay,  the  dibris  of  neighbouring 
rocks. 

Some  of  the  earlier  nuggets  weighed  several  ounces 
apiece;  but,  even  then,  most  of  the  gold  consisted, 
and  now  the  whole  consists,  of  scales  and  granules  of 
merely  a  few  grains  each.  In  many  of  the  specimens, 
however,  metallic  threads  interlace  a  matrix  of  wolfram, 
or  of  brown  iron-ore-f  Whether  the  masses  are,  large 
or  small,  of  auriferous  matrix  or  of  pure  metal,  mostly 


of  it  on  the  spot,  I  waa  much  surprised  at  the  announcement  that  Mr.  Mallet 
had  obtained  d|  lbs.  of  stream-tin  from  about  150  lbs.  of  the  sand.  •  •  • 

"  It  is  not  without  interest  to  obsenre  that  many  of  the  minerals  [associated 
with  gold  in  Coolbawn]  are  identical  with  those  exhibited  in  the  lodes  of  Bally- 
coog  and  Moneyteige,  •  •  •  and,  moreover,  that  from  the  form  of  the  hills  it 
would  be  very  possible  to  derive  the  spread  of  the  auriferous  drift  from  that 
strongly  nuurked  ridge.  Indeed,  I  am  inclined  to  infer  that  it  was  the  back  or 
upper  part  of  these  lodes,  the  waste  of  which  furnished  the  greater  part  of  the 
alluvial  metallic  substanoes  found  in  the  valleys  below,— and  amongst  them  of 
the  gold." 

SiCTTH,  Seoordi  ofths  School  of  Minei,  z.  pp.  408,— 4,— 5,— 6  (Abridged). 

Manoel  daFerreira  Camara  (Southey's),  Hi$t,  of  Brazil,  iii.  p.  827.  Gardner, 
Traveli  in  Bratil,  p.  606.  Murchison,  de  Yemeuil,  &  von  Keyserling,  Rtuiia 
M»  Europe  and  the  Ural  fountains,  i.  p.  476.  Whitney,  MetalUe  WeaUh  of  the 
United  States,  p.  140.  Daubr^e,  Annalee  dee  Minee,  4me  S^rie  x.  pp.  1 — 21. 
Dufrenoy,  Ibid,  4me  S^rie,  zvi.  p.  113.  Ulauyaly,  Ibid,  6me  S6rie,  iii.  p.  882. 
Selwyn,  Quarterly  Journal  of  the  Geological  Society,  ziv.,  p.  536.  Atkinson, 
Ibid,  ZVI.  p.  241.  Laur,  Annates  des  Mines,  6me  Serie,  m.  p.  412.  J.  Arthur 
Phillips,  Mining  and  Metallurgy  of  Gold  and  Silver,  pp.  40—6,  58,  96—9,  106 
—7,— 10,— 25.    Ante,  pp.  342—8,  383—4. 

*  "  On  the  borders  of  the  granite  near  Cape  Baja,  in  the  province  .of  Soengei- 
Liat,  4t  %  4t  gold  is  found  in  the  sand  on  the  sea  shore.  The  gold  is  found 
there  with  tin  ore,  and  it  occurs  in  the  same  way  at  the  top  of  various  small 
valleys  in  the  provinces  of  Blinjoe  and  Djeboes."— 'Van  Dxbst,  Banka,  and  its 
Tin  Stream-works  (Translated  by  Clement  Le  Neve  Foster,  B.A.,  D.Sc.,  F.O.6., 
&c.)  p.  64,  Note. 

Ante,  p.  472. 

t "  The  native  gold  of  Croghan  Kinshela  occurred  in  massy  lumps,  and  in 
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they  seem  to  have  suffered  great  attrition ;  yet  amongst 
them — ^as  amongst  the  rich  detritus  (Cascalho)  of  the 
Goalaxo,  the  Doce,  and  the  Peri^icaba  in  Brazil  * — 
small  well-preserved  crystals  of  gold  have  been,  some- 
times obtained. 

Its  quality — like  that  of  8tream*gold  generally  f — 
is  very  good ; ;{:  the  entire  produce  of  the  Grovemment 


•miUer  pieces;  down  to  the  minutest  grain.  One  piece  weighed  twenty-two 
ounces,  another  eighteen  ounces,  a  third  nine  ounces,  and  a  fourth  seren  ounces. 
•  •  •  I  ohserred  and  collected  some  specimens,  which  shew  that  the  gold, 
magnetic  ironstone,  and  wolfiram,  were  each  of  them  frequently  intermingled 
with  quarts;  and  I  have  also  a  few  specimens,  which  ezhihit  the  gold  not  only 
incorporated  with  iron  ochre,  but  ramifying  in  slight  threads  through  wolfram. 
Some  of  the  gold,  though  Tcry  rarely,  occurred  crystallised  in  octohedrons,  and 
also  in  the  elongated  garnet  dodecahedron.  *  «  «  The  largest  piece  obtained 
at  Croghan  Moira  [did  not  exceed]  two  and  a  half  pennyweights  in  wdght." 

Wbatbb,  OeoL  Trans,,  t.  pp.  209,— IS. 

'*  The  gold  occurs  in  grains  of  all  sises  from  the  smallest  spangle  up  to  a  mass 
weighing  nearly  twenty-two  ounces,  the  largest  hitherto  found.  *  •  • 

«<  Mixed  with  the  gold  are  some  very  small  flattened  grains  of  a  white  colour 
and  metallic  lustre,  which,  as  far  as  their  minute  sise  permitted  me  to  examine 
them,  appear  to  present  all  the  characters  of  platina." 

BfALLBT,  Journal  of  the  Oeol,  Soe.  of  DubHn,  nr.  p.  271. 

"  Many  of  the  pepites  or  nuggets  of  gold  were  found  in  csTities  amongst 
[the]  rough,  up-turned,  and  broken  edges  of  the  clay-slate,  *  *  *  in  the  bed 
of  the  brook.  Higher  up  the  Talley  a  considerable  corer  of  detritus  oTerlies 
the  solid  rock,  attaining  in  some  places  a  thickness  of  50  feet,  and  increases  to 
a  great  extent  the  difficulty  of  working  with  advantage;  since  the  precious 
metal  was  only  found  in  a  thin  bed  at  the  bottom  of  this  mass  of  useless  sand 
and  soil.  •  «  •  The  particles  were  generally  minute  scales,  but  large  solid 
lumps  were  found  from  time  to  time." 

Smyth,  Beeorda  of  the  School  of  Mines,  i.  pp.  408. 

•  Ante,  p.  866. 

t  Boussingault,  Annalet  dee  Mmee,  8me  S^rie,  t  p.  446.  Domeyko,  Ibid, 
Sma  86rie,  ▼.  p,  169.  Forbes,  London,  Edin.  ^  Dublin  PhiL  Mag.  (4th  Series), 
X.  p.  22.    Ante,  p.  869. 

X  "  The  spedflo  gravity  of  some  small  grains  I  found  to  be  16*842.  The 
analysis  of  Uiese  grains  gave — 

Gold 92*82 

SiWer 6-17 

Iron «..     0*78 

9927 
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experiment  having  ranged  from  2 If  to  21^  carats'* 
fine. 

It  is  believed  tliat  the  peasantry  collected 

during  the  >ix  weeki  of  their  oecupaney  in  1796  . .  about  SOO'OOOf  ounces  of  gold. 

From  1796  to  1802  the  GoTernment  obtained  ......  944198}      „  „   ; 

&      „    1^7  tt  lS62^e  Carytfirt  Minina  Comptmpi    fie.AAAX 

extracted  about J    w  oooj      „  „• 

Of  the  quantities  procured  by  the  JEnglish  Mining 
Company,  and  by  the  poachers  during  their  several 
incursions,  it  has  been  found  impossible  to  procure 
account.  || 

Whilst  the  officers  of  Government  wrought  the 
detrital  deposits,  they  also  attempted  to  find  the  parent 


"  ThiB  ia  equivalent  (neglecting  the  iron)  to  8^  atoms  of  gold  and  1  [atom]  of 
8ilTer."^MALLST»  J(mnuU  of  ths  GtoL  Soc.  of  DubHn,  it.  p.  271. 
•  Weaver,  OeoL  3Vwu.,  ▼,  p.  211. 

t  *'  The  peasantry  obtained  about  eight  hundred  ounces  of  gold  during  the 
[six  weeks]  they  continued  at  work." 

Mallbtt,  Journal  of  th§  GeoU  Soe.  of  DubUn,  it.  p.  270. 

X  "  The  total  quantity  of  native  gold  collected  by  Oovemment  [between  1796 
and  1802]  amounted  to  944  ounces,  4  pennyweights,  and  fifteen  grains,  of  which 
68  OS.  16  dwts.  1  grain  were  sold  as  specimens  at  £4  the  ounce,  amounting  in 
value  to  £286. 10s.  M,  The  remaining  885  os.  8  dwts.  14  grains,  I  melted  and 
cast  into  ingots  which  weighted  848  os.  18  dwts.  5  grains.  Hence  the  loss  in 
melting  was  36  os.  10  dwts.  9  grains,  or  nearly  4^  per  cent.,  which  arose  frdkn 
disseminated  particles  of  quarts.  The  ingots  «  *  *  were  bought  by  the  Bank 
of  Ireland  at  prices  varying  from  £4.  Os.  6d.  to  £4.  2s.  Od,  per  ounce  amounting 
in  value  to  £343.  I7s<  3|i2.  Hence  the  aggregate  value  of  the  native  and  ingot 
gold  was  £3675.  7s.  11|({."— Weavbb,  QeoL  Tram,,  ▼.  p.  211. 

%  *'  This  Company  has  long  since  ceased  to  search  for  gold  in  Wicklow,  and 
has  surrendered  the  Crown  Licence.*  Long  years  and  heavy  cost  of  search  pro- 
duced only  85  ounces  of  metal." 

J.  S.  HoABB,  Esq.,  Secretary  of  the  Caryafort  Mining  Company,  M.S. 

(I  **  Since  the  undertaking  was  abandoned  by  the  Government,  it  has  been 
attempted  to  work  the  same  deposits  by  a  company,  but  without  success,  partly, 
it  may  be  presumed,  from  the  rarity  of  the  precious  metal^  and  partly  from  the 
difficulty  experienced  in  all  gold-streaming  or  gold-digging  regions  of  obtaining 
from  the  workmen  the  full  produce  of  their  labours.  4t  %  ^ 

TTTT 


634  W.  J.  Kenwood,  on  the 

rocks  and  veins;  but  without  success.*  Indeed  the 
only  part  of  Wicklow  which  has  yet  afforded  native 
gold  in  place  is  the  Sulphur-course  at  Ballymurtagh ; 
and,  even  there,  the  small  quantity  hitherto  obtained 
has  not  encouraged  further  search  .f 


*'  Of  late  years,  only  a  few  of  the  neighbouring  peasants  have  from  time  to 
time  been  engaged  in  gold-washing,  and  it  is  very  difficult  to  form  a  fair  estimate 
of  the  remuneration  yielded  them  by  their  labour." 

Smtth,  Records  of  the  School  of  Jfisias.  x.  402. 

•  **  Numerous  trials  were  made  by  driving  and  sinking  on  the  veins  previously 
known,  and  subsequently  discovered.  *  «  *  By  the  Ballinvalley  trench  alone, 
twenty-seven  veins  of  quarts  were  found,  varying  from  nine  inches  to  four  feet 
wide,  in  a  distance  of  700  fathoms;  and  in  the  same  manner,  by  the  Ballinagore 
trench  eighteen  quartz  veins  were  discovered  in  a  distance  of  600  fathoms.  «  •  • 
The  mineral  substances  obtained,  were  subjected  to  the  operations  both  of  ^n 
and  of  amalgamation ;  but  in  no  instance  was  a  particle  of  gold  elicited  from 
them  either  by  the  one  or  the  other  process." 

Wbavsb,  GeoL  TVam,,  ▼.  pp.  210—12. 

t  Juhn  Hodge,  Esq.,  of  £a//ymfirto^A,'MSS.    AntCt  pp.  549—60. 
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Notice  of  the  CLOOAU  Gold-Mine,  in 

North  Wales. 

The  Clogau  gold-mine,  some  five  or  six  miles 
W.N.W.  of  Dolgelly,  and  more  than  a  thousand  feet 
above  the  sea,  is  wrought  in  a  lower  part  of  "  the 
Silurian  System.**  * 


•  **  The  stracture  of  this  diitrict  is  yery  singular,  consisting  of  an  immense 
nninber  of  alternate  and  parallel  beds  of  igneous  and  sedimentary  rocks,  tra- 
yersed  by  vast  numbers  of  mineral  veins,  and  trap  dykes.  *  *  4k  A  complete 
system  of  auriferous  yeins  exists  throughout  the  Snowdonian  or  lower  Silurian 
formations  of  North  Wales.*' 

Dban,  RepofU  of  the  Britiah  Auoeiation,  1844,  Part  ii.  p.  66. 

"  On  the  N.  &  W.  of  the  lower  part  of  the  RiTor  Mawddach  lie  the  lower  part 
of  the  lingula-flags  and  the  Cambrian  rocks.  The  latter  consist  of  coarse,  thick- 
bedded  greenish-grey  grits.  4i  Ht  %  These  are  overlaid  by  that  part  of  the 
Lower  Silurian  rocks  known  as  the  Lingula-flags,  which  here  consist  mostly  of 
blue  slaty  beds,  generally  more  or  less  arenaceous,  and  partly  interstratified  with 
courses  of  sandstone.  4t  4t  *  Both  Cambrian  and  Silurian  rocks  have  been 
penetrated  by  numerous  greenstone-dykes.  Many  of  them  are  of  a  light  grey 
colour  and  highly  calcareous.  Others  assume  the  colour  and  texture  of  ordinary 
greenstone.  Some  of  them  are  magnetic.  Amongst  the  Cambrian  sandstones 
they  run  in  all  directions,  sometimes  with,  but  more  generally  across,  the  strike. 
In  the  Silurian  region  they  more  generally  run  more  or  less  parallel  with  the 
lines  of  bedding." 

Rahsat,  Quarterly  Journal  of  the  Geol,  Society,  x.  p.  242. 

"  The  now  celebrated  Clogau  Oold  Mine  situate  *  «  *  at  an  elevation  of 
1,000  feet  above  the  level  of  the  sea  %  %  %  about  a  mile  and  a  half  north 
of  the  *  Halfway  House,'  on  the  turnpike-road  from  Dolgelley  to  Barmouth 
4r  4r  4k  [has  been  opened  on]  aquartzose  vein  which  traverses- altered  paleossoic 
slates  near  the  junction  of  an  eruptive  bar  of  porphyritic  greenstone/' 

Bbadwik,  Reports  of  the  British  Ataodation,  1861,  Part  ii.  p.  130 ; 
1862,  Part  ii.  p.  90. 

"  Halfway  between  Dolgelly  and  Barmouth  an  impetuous  stream,  descending 
from  the  high  range  of  LlawUech,  pours  its  waters  over  a  rocky  bed  to  join  the 
Mawddach  below  Pontddu.  On  either  side  of  this  %  %  ^  river  there  rises  a 
mountain,  in  which  copper  veins  have,  for  many  years,  be*en  worked  on  the  west, 
the  Vigra,  and  on  the  right  [east]  the  Clogau.  %  %  %  [The  lode  intersects] 
dark  schistose  rocks  of  the  lower  silurian  formation,  with  which  are  associated 
both  interstratified  and  intrusive  or  dyke  formed  greenstones.  On  the  north,  at 
the  distance  of  a  few  hundred  feet,  the  massive  greenish  grits  of  the  Cambrian 
system  pass  out  from  under  the  highly  inclined  beds  of  the  lower  silnrian  or 
lingula  flags." — Sutth,  Minin%  and  Smelting  Magazine,  i.  p.  361. 

**  Originally  the  lodes  of  Vigra  and  Clogau  were  chiefly  worked  for  copper. 
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The  rock  which  accompanies  the  Saint  JDamd  lode, 
— where,  at  intervals,  its  outcrop  is  exposed,  at  the 
surface,  and  in  the  S.,  lower^  or  foot-wall,  of  the 
upper  (gallery)  level, —consists  principally  of  felspar 
and  chlorite ;  mixed,  however,  with  both  siliceous  and 
calcareous  matter,  and  sprinkled  with  microscopic 
crystals  of  oxydulated  iron.*  In  the  opposite  side 
(wall),  on  the  contrary, — whilst  similar  ingredients 
occur  here  and  there — homogeneous  greyish-blue  slate 
prevails ;  and  in  the  lower  level,  some  twelve  or  thir- 


with  little  or  no  profitable  refult,  but  about  1864  the  dlseorery  of  gold  in  the 
rejected  mbbish  of  the  old  Workings  at  Clogaa,  and  also  in  the  abandoned  lode, 
railed  a  kind  of  gold  ftiror  in  North  Wales.  •  •  •  Of  late  years,  howeTer, 
since  1869,  the  gold  Tein  •  •  •  which  intersects  the  Lingola  flags  about  a 
quarter  of  a  mile  farther  north  than  the  old  Clogan  copper  lode  near  Uie  outcrop 
of  the  Cambrian  grits,  has  been  worked  to  a  great  adyantage.*' 

Bams  AT,  Memoirs  of  the  Qeohgioal  Swrvey^  ni.  p.  47. 

*'  Fragments  of  the  great  Pamdoxidee  were  found,  at  the  famous  gold-mines 
of  Dolgelly,  about  the  same  time  by  Mr.  Readwin,  and  by  his  assistant-chemist, 
Mr.  Es.  Williamson."— Saltbb,  Quarlerly  Journal  of  the  Geol,  Soe^p  xzi.  p. 
477 ;  Memoin  of  the  Geological  Society,  m.  p.  247. 

J.  Arthur  Phillips,  Ifrntn^  and  MelaUwrgy  of  Gold  and  Silver,  p.  16. 

"  The  geological  position  of  the  Clogau  quarts  lode  is  in  the  Lower  Silurian 
langula-beds,  close  to  their  junction  with  the  Cambrian  strata  of  the  Geological 
Surrey,  on  which  these  beds  rest  conformably;  and  in  close  proximity  to  the  lode 
they  contain  the  ParadoxidcM  Davidii  in  abundance.  In  these  strata  are  seen 
numerous  intrusive  masses,  and,  as  it  were,  sheets  of  true  diabases  (described 
and  coloured  by  the  Geological  Survey  as  greenstones)  apparently  at  first  sight 
contemporaneous  with  the  beds  themselves,  but  which,  although  frequently  found 
to  follow  the  strike  of  the  fossiliferous  beds  for  long  distances,  and  even  at  times 
to  coincide  more  or  less  with  their  dip,  will  nerertheless  be  sooner  or  later  ob- 
served to  break  through  both  the  strike  and  dip  of  these  strata.  •  •  •  These 
diabases  are  composid  of  a  felspar  base  in  conjunction  with  diallage  and  chlorite, 
and  frequently,  owing  to  incipient  decomposition  of  these  silicates,  effervesce 
slightly  with  acids,  thus  revealing  the  presence  of  a  trace  of  carbonate  of  lime.'* 

Datid  Fobbbs,  London,  Edin.,  and  Dublin  PhiL  Mag.,  Fourth  Series, 
xxxiY.  p.  339. 

*  "  The  Lingula  flags  as  a  whole  may  be  described  as  •  •  •  formed  by  the 
repetition  of  Tery  numerous  very  thin,  slightly  waved  felspathic  and  siliceous 
layers,  of  a  light  bluish  grey  colour." 

Ramsat,  Memoirs  of  the  Geological  Survey,  iii.  p.  20. 
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teen  fathoms  deeper  the  same  rocks  appear.  South- 
ifard,  however,  felspathic  and  chloritic  beds  mostly  of 
compact,  but  sometimes  of  fissile,  structure,  alternate 
with  homogeneous,  greyish-blue,  clay-slates ;  the  lode 
— from  the  obliquity  of  its  range  to  theirs — intersect- 
ing them  all  in  various  parts  of  its  course.  The  several 
planes,  as  well  of  bedding  throughout  the  formation, 
as  of  cleavage  in  schistose  parts  of  it,  range  from 
16"— 26'  E.  of  N.— W,  of  S.  to  30^—40"  N.  of  E.— 
S.  of  W. ;  *  within  short  distances  of  the  lode  they  dip 
70** — 80"*  N.,  but  where  the  mountain  slopes  towards 
the  Mawddach — and  beds  of  (diabase)  greenstone  are 
numerous — they  have  an  opposite,  although  a  lower, 
inclination.t  Throughout  the  neighbourhood  two 
series  of  joints  prevail ;  one  striking  35*— 45°  W.  of 
N.- E.  of  S.,  the  other  30''— 40*  N.  of  E.— 8.  of  W. ; 
beside  others  coursing  18"— 25*  S.  of  E.— N.  of  W., 
_8"_24*  W.  of  N.— E.  of  &•,— and  14*— 24*  R  of 
N. — ^W.  of  S.  respectively,  but  these  seem  of  merely 
local  occurrence. 

The  lode  bears  18—28"  N.  of  E.— S.  of  W. :  J  and 
— ^near  the  surface  as  well  as  at  the  -  upper  level — 


•  *'  In  1840  the  Magnetio  declinttion  was  about  26^  West." 

Sabihb,  Phil,  Trana.,  czzxxz.  PL  XIV, 

t  ■<  The  dip  of  the  cleavage  ps]  towards  the  soath-east  and  north-west,  but 
more  frequently  the  former,  in  accordance  with  the  arerage  dip  of  the  strata." 

RuttAT,  Memoiir$  of  ika  Q90L  Survey,  iix.  p.  22. 

%  *(  The  auriferous  veins  of  Merionethshire  traverse  two  other  sets  of  veins, 
and  have  an  average  bearing  of  N.N.S.  and  S.8.W.,  and  Uke  the  others,  with  a 
north  dip.  These  veins  are  very  numerous,  and  are  flUed  with  argillaceous 
Bubetances,  iron  pyrites,  and  iron  and  blende  ores.  In  width  they  vary  from  ^ 
of  an  inch  to  6  or  8  inches,  but  sometimes  expand  to  2  or  8  yards*  In  many 
eases  they  split  into  minute  branches.    Where  the  auriferous  veins  traverse 
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certain  parts  are  almost  perpendicular  whilst  others 
dip  75** — 85**  N. ;  in  the  lower  fcoe/,  however,  it  de- 
clines— sometimes  no  less  than  60<> — 70** — towards  the 
S.  Its  width— ranging  from  a  iraction  of  an  inch 
upward — is  usually  from  three  to  four  feet.  It  con- 
sists for  the  most  part  of  quartz,  calcareous-spar,  and 
— as  the  adjoining  (Country)  rock  is  of  one  kind  or 
other— either  felspathic  and  chloritic  matter  or  homo- 
geneous dark-blue  slate.  The  quartz  and  the  calcareous- 
spar  often  occur  separately ;  but  occasionally  a  body  of 
one  may  include  granules,  small  shapeless  masses,  and 


[oerUda  of]  the  quarts  veins  they  are  generally  very  prodnctiye  of  gold,  the 
quartyose  Teins,  if  metalliferons,  becoming  enriched  on  the  south  side  of  the 
intersection.  The  sides  of  the  auriferous  Teins,  where  they  pass  through 
the  quartaose  Teins,  are  generally  cellular,  and  in  the  cells  the  gold  is  •  •  • 
for  Uie  most  part  deposited.  •  •  •  Some  of  the  gold  ores  produce  firom 
[0000004  to  0*001886  their  weight]  3  dwU.  to  60  os. of  gold  per  ton." 

Db4V,  RtporU  of  the  BritUh  Asaoeiation,  1844,  Fart  ii.  p.  56. 

**  A  quantity  of  what  was  called  '  poor  copper  ore '  was  raised  from '  the  Saint 
DaTid's '  lode  and  sold  many  years  since ;  but  in  1854  this  *  poor  copper  ore ' 
was  examined,  and  indications  of  natiTe  gold  in  considerable  quantities  were 
found."— RsADWiK,  Jbidf  1861,  Part  n.  p.  130. 

*<  The  St.  DaTid's  lode  •  •  •  in  which  gold  had  been  found  in  1854  *  ♦  •  liea 
about  a  quarter  of  a  mile  further  north  than  the  Clogau  copper  lode,  coursing  in 
the  same  manner  about  E.N.E.  by  N.  •  •  •  The  Tein  itself,  where  well  de- 
Tcloped,  is  from  2^  to  9  feet  in  width,  between  distinct  walls,  especially  on  the 
south,  underlying  commonly  to  the  north,  but  on  the  whole  nearly  perpendicular. 
It  is  composed  of  quarts  and  calcareous  spar,  the  latter  sometimes  forming  a 
body  of  several  feet  in  width ;  and  when  the  calcite  puts  on  the  appearance  of 
a  finely  granular  and  friable  marble,  it  frequently  contains  gold.  •  e  *  Spots 
of  iron  and  copper  pyrites  are  not  unfrequent,  and  hence  the  lode  was  originally 
opened  upon  for  copper,  fragments  of  the  more  or  less  talcose  schist  of  the  walls ; 
and  sometimes  in  one  part,  sometimes  in  another,  the  e  •  e  points  and  spangles 
of  gold  may  be  seen  disseminated  in  the  calc  spar  or  quarts,  often  accompanied 
by  bright  white  crystalline  scales  of  the  mineral  of  tellurium,  sulphur,  and  bis- 
muth, called  tetradymite.  The  laminn  of  the  rocks  which  form  the  country  on 
either  side  of  the  lode  strike  a  few  degrees  more  north  of  east  so  that  they  are 
intersected  somewhat  obliquely  by  the  walls.  •  *  •  Planes  of  diTision 
nearly  horisontal  cross  the  lode  from  one  wall  to  the  other.  These,  in  some 
veins,  we  may  see  to  be  filled  with  sine  blende  or  calc  spar,  •  •  •  but  at  Clogau 


^ 
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short  narrow  veins,  of  the  other,  and  sometimes  the  two 
are  intimately  mingled;  at  intervals  also  the  rocky 
ingredients  are  sprinkled,  veined,  or  transfused  with 
either  separately,  or  with  an  admixture  of  both.  Pearl* 
spar,  the  sulphate  of  barytes,  and  other  earthy  minerals, 
appear  here  and  there,  but  in  much  smaller  quantities. 
At  and  near  the  surface  earthy  brown  iron-ore  abounds. 
In  rather  deeper,  yet  in  comparatively  shallow,  portions 
of  the  lodej  however,  iron-pyrites  and  yellow  copper-ore 
are — as  amongst  certain  auriferous  deposits  in  Brazil,"*^ 

I  haTe  been  unable  to  obaerTe  that  the  gold  has  any  connexion  with  these  oom- 
paratifely  late  fissures.  There  are  [parts  of  the  lode]  where  a  mere  thread  of 
spar,  or  OTen  a  slight  division  only,  •  •  •  constitutes  the  only  vestige  of  what, 
a  fathom  or  two  back,  was  a  body  of  0  feet  wide.  •  •  •  [Moreover]  one 
portion  where  the  gold  is  visible,  will  be  exceedingly  rich ;  another,  where,  per- 
haps, it  can  be  no  longer  seen,  will  pay;  another  will  not  contain  a  trace;  and 
further,  perhaps,  the  lode  itself  is  for  some  distance  entirely  nipped  to  nothing." 
Smyth,  Mming  and  Smelting  Magamne^  z.  pp.  361—2.  (Abridged.) 

**  The  auriferous  quarts  lode  at  Clogau  runs  about  18*  north  of  east  and  dips 
at  a  high  angle  (88*)  to  the  south  cutting  through  both  the  fossiliferous  strata 
and  the  intruded  diabases ;  •  •  •  .  The  mining  explorations  carried  on  hitherto 
appear  to  indicate  that  this  quarts  lode  is  much  richer  in  gold.at  the  parts  where 
it  cuts  through  the  Lower  Silurian  lingula-beds,  with  their  accompanying  in- 
trusive diabases,  than  in  greater  depth  where  it  traverses  the  Cambrian  grits. 
The  accessory  minerals  found  associated  with  the  gold  were  tetradymite,  iron 
pyrites,  galena,  chlorite,  calcite,  dolomite,  ankerite  (?),  chalybite,  and  sulphate 
of  barytes.  These  minerals  as  well  as  the  native  gold  itself  are  distributed  very 
irregiUarly  in  the  quarts.  When'  the  quarts  contains  patches  of  calcite,  dolo- 
mite, and  chalybite,  and  includes  splinters  of  the  neighbouring  clay-slate,  it  is 
regarded  by  the  miners  as  more  likely  to  yield  gold  than  when  the  lode  consists 
of  quarts  alone.  Although  the  gold  sometimes  is  found  alone  imbedded  in  the 
colourless  quartz,  it  occurs  more  often  in  conjunction  with  more  or  less  iron 
pyrites,  and  other  above-mentioned  metallic  compounds,  which  usually  occur  as 
small  patches,  nests,  or  aggregations  in  the  quarts.  When  small  pieces  of  the 
bluish-grey  slate  are  found  isolated  and  enclosed  in  the  quarts  of  the  lode,  it  is 
conunon  to  find  the  gold  and  other  metallic  minerals  adherent  to  or  crystallised 
on  the  under  faces  of  such  fragments." 

Davis  Forbes,  London^  Edin,,  and  DubUn  Phil.  Mt^.,  Fourth  Series, 
zxzjT.  p.  839.  (Abridged.) 

*Ant4,  Henwood,  ComwiM  Oeol.  Trans,,  yi.  p.  144;  London,  Edm.,  and 
DtdfUn  Phil  Mag.,  xxy.  p.  842;  Ante,  pp.  194--5. 
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Chili,*  and  the  United  States, f — freely,  though  un- 
equally, distributed;  but,  notwithstanding  these  are 
limited  to  neither  of  the  vein-stones,  they  prefer  a 
quartzose  to  either  a  sparry  or  a  felspathic  matrix. 
Small  quantities  of  blende  occur  frequently ;  particles 
of  galena  are  widely  scattered  ;  and — accompanied  by 
many  of  the  minerals  which  accompany  tellurium ;{; 
and  various  ores  of  Bismuth  §  in  the  gold-fields  of 
Minas  Geraes  and  Virginia, — minute  crystalline  scales 
of  tetradymite  present  themselves  in  distinct  clusters. 
Both  the  quartzose  and  the  sparry  ingredients  — 
whether  separately  aggregated,  or  mingled  in  different 
proportions— -contain,  at  intervals,  particles  and  grains 
of  gold,  and  are  intertwined  with  golden  threads  which 
unite  in  small  nuggets  at  their  reticulations ;  occasion- 
ally also  isolated  atoms  of  the  metal  are  confined  to 
certain  lines,  which  differ  in  no  appreciable  respect 
from  contiguous  portions  of  the  vein-stone.  The  gold 
may,  perhaps^  be  less  abundant,  but — as  in  different 
parts  of  the  calcareo-siliceous  bed  which  underlies  the 
jacotinga  in  Cocdei\  and  Gango  Soco% — ^it  is  of 
coarser  grain,  in  sparry,  than  in  quartzose,  sections 
of  the  deposit**    Granules  and  scales  of  gold  some- 

^  Bomeyko,  AmuUe»  du  Mi$U9,  4me  64rie,  ix.  pp.  368—9.  Caldeleiigh, 
TraoeU  in  South  AmerieatU^U  Sampson  Waters, Esq., MS8.  iliifo,  pp.  167, 
378. 

t  Ansted,  Scenery,  Science,  and  Ari,  p.  288.  Henwood,  Mining  Journal^ 
29th  January,  1863.    Whitney,  Metallic  WeaUh  of  the  United  Staiee,  p.  128. 

X  Henwood,  Comwail  Geol,  Trans,,  tii.  p.  229 ;  Ante,  pp.  180,  299, 336—82. 

%  Ante,  pp.  179,  836. 

I  Ante,  p.  2i6, 

H  Ante,  p.  249. 

**  Henwood,  Reports  of  the  Ituperial  Brazilian  Mining  Association,  xiJ«  p.  8. 
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times  adhere  to,  but  they  are  seldom  imbedded  in,  the 
slaty  constituents.  If,  as  seems  likely,  the  iron  and 
copper  pyrites  contain  gold,*  it  is — as  at  Morro 
Velho  t — masked  by  its  matrix  ;  under  proper  treat- 
ment, however,  profit  is  often  made  by  the  extraction 
of  metal  from  a  vein-stone  in  which  the  unaided  eye 
fiails  to  detect  jt,* J 

From  the  middle  of  June,   1860,§  to  the  end  of 
December,  1867,||  the  mine  supplied 

tons  (iMir.) 

9,181-65]8  of  ore,  which  yielded..  1791512  lbs.  ("TVoy^of  gold,|l 

&     127*4808  M  . .  929*6384  „  „  ,|| 


total..     9,309*0826                 „                   1,008*7896  ,,            „  ;|| 

the  first  having  afforded  •  •        112*39 1  grains  of  meUl )  or  O'OO0OO7l7  itsweight 

per  toD, '  of  gold, 

„  second         „             ..      4,202*06||     „            „          ,,0*00198461  „      , 

mean.... rt....        686060    „            »          ,,000004375  „      ; 

^^'pwcels}       "            ••          ^^'^^ll    "           "          .,0*00000230  „ 

„  richest,,        „                717,60000  g    „            „          ,,004576530  „     . 


*  In  1836  specimens  of  copper  pyrites,  represented  to  contain  gold,  were 
shown  to  the  writer  at  Cae  Mawr  near  Tyn-y-croes  by  the  late  Mr,  Charles 
OTJiel. 

Ramsay,  Quarterly  Journal  of  the  Oeol.  Society,  x.  p.  243.  Readwin,  Reports 
of  the  British  Association,  for  1862,  Part  it.  p.  89. 

"  The  pyrite  of  most  gold  regions  is  auriferous.  The  fact  is  not  apparent  in 
any  of  the  external  characters." — Daka,  Mineraloyy,  fifth  Edition,  p.  63. 

t  Henwood,  Cornwall  Geol,  Trans,^  ▼!.  p.  144.  LondoUf  Edin,  4r  Dublin  Phil. 
May,  XXY.  p.  342. 

t  The  Brazilians  bum  their  worn-out  bateas,  in  order  to  recover  from  the  ashes 
the  particles  of  gold  which  are  always  imbedded  in  the  wood  during  use. 

§  Readwin,  Reports  of  the  British  Association,  for  1861,  Part  iz.  p.  130;  for 
1862,  Fart  ii.  p.  90.  Smyth,  Mining  and  Smeltiny  Magazine,  i.  p.  364.  Hunt 
(Phillips's),  Mining  and  Metallurgy  of  Gold  and  Silver,  p.  16. 

1]  Accounts  of  the  Mine,  obligingly  supplied  by  Robert  GiUman,Bsq.,  Managing 
Director  of  the  Vigra  and  Chgau  Mining  Company. 
"  The  quantity  of  gold  raised  from  this  lode  between  April  1860  and  May 

uuuu 
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The  gold  averaged  twenty-two  carats  fine.*  t 

The  confronting  Table  (XXII.)  shows  the  quan- 
tities and  proportions  of  gold  obtained  from  the  detrital 
deposits  and  vein-stones  of  various  Countries. 


1867,  u  officially  accounted  for  to  Her  Majeaty'a  Office  of  Wooda  and  ForesU, 

is  12,416  02."  [1,034*666  lbs.  Droy\. 

MuscHisoN,  SHuria,  fourth  Edition,  p«  450. 
•Ante,  p.  641,  Note). 

t  Two  specimens  of  gold  from  this  submitted  to  examination  afforded 

I.  II. 

Gold 90-16     89-83 

Silver 9-26     9*24 

Copper  and  iron trace     trace 

Quarts 0-32     0-74 

Loss  in  analysis  •• 0-26     0*19 


100*  100- 


David  Fobbbs,  Lotidon,  Edin,  ^  Dublin  PML  Mag,^ 
fourth  Series,  xxznr.  p.  339. 
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On  the  Ghromate  of  Iron  (lately)  wrought  at 
CoRRi  Charmaig  in  Perthshire. 

Amongst  the  many  metalliferous  deposits  laid  open 
by  the  late  Lord  Breadalbane*— for  sake  of  employ- 
ing the  working  population  on  his  vast  estate,"!" — some 
have  been  more  valuable, j;  but  none  are  more  interest- 
ing than  is  the  chromate  of  iron  wrought,  from  time 

•  John  fifth  Earl  and  last  Marquis  of  Breadalbane,  P.C.,  K.T.,  F.R.S..  Lord 
Lieutenant  of  Argjilshire,  President  of  the  Society  of  Scottish  Antiquaries, 
&e,f  &c.,  &c.,  who  died  in  1862. 

t  "  Lord  Breadalbane  expended  yery  large  sums  in  improying  the  machinery 

and  extending  the  subterranean  works  in  his  lead-mines  of  Tyndrum.   and 

though  frequently  adyised  as  to  the  heayy  losses  he  was  incurring,  he  always 

replied,  with  a  noble  generosity,  that  the  works  supported  a  large  body  of  men 

and  their  familieS|  and  must  be  kept  up." 

Ramsat  (Anni?ersary  Address  to  the  Geological  Society  in  1863), 
Quarterly  Journal  of  the  Geological  Society,  XIX.  p.xxxv. 

t  At  Tyndrunit — the  most  ancient,  largely-wrought,  and  productiye  mine  in 
Breadalbane,-^a  fine-graioed  granular  quarts-rock,  interlaminated  with  yellow- 
ish-white mica,  passes  into  and  is  oyerlaid  by  pale-buff  and  lead-coloured  mica- 
slate  towards  the  S.  The  quartz-rock  is  thick-lamellar,  but  the  slates  are  mostly 
fissile;  their  planes  of  structure  bearing  16° — 20°  S.  of  £. — ^N.  of  W.,  and  dip- 
ping 20** — 70°  S.  The  principal  lode — maintaining  a  tolerable  parallelism  to  the 
joints  of  one  series— ranges  18°— 26°  E.  of  N.— W.  of  S. ;  dips  60°— 86°  E,— 
8.E. ;  and  measures  two  feet  in  some,  but  at  least  thirty  in  other,  places.  As 
its  direction  is  oblique  to  the  line  of  their  junction,  it  trayerses  quartz-rock  in 
one,  and  mica-slate  in  another,  part  of  its  course ;  at  the  boundary,  howeyer,  its 
opposite  (wallsj  sides  are — for  short  distances — of  different  descriptions.  Its 
principal  ingredients  are  granular  quartz  and  felspathic  or  slaty  clay  enclosing 
angular  and  rough  spheroidal  bodies  of  mas8i?e  quartz,  beside  smaller  quantities 
of  the  sulphate  of  barytes  and  calcareous-spar.  The  granular  portions — whether 
quartzose  or  sparry — are  largely  mixed  and  yeined  with  galena,  often  inter- 
spersed with  either  blende  or  iron  pyrites,  and  sometimes  with  both ;  copper 
pyrites  occurs  at  interyals,  but  always  sparingly ;  and — near  one  of  the  cross- 
courses— minute  proportions  of  earthy  cobalt  and  cobalt  bloom  haye  been  ob- 
tained. The  body,  course,  or  shoot  of  ore  — limited  to  certain  portions  of  both 
the  rocks,  and  conforming  in  some  measure  to  the  inclination  of  their  structural 
planes,  as  well  as  to  the  slope  of  the  mountain-side — dips  endlong  towards  the 
B.^^S.B. 

Seyeral  smaller  (branches)  yeins  diyerge  from,  and  within  short  distances  re- 
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deposit,  however,  it  is  succeeded — gradually  in  some, 
but  suddenly  in  other,  places — by  horoblendic  slate.* 


by  graphite.    •  •  •    Farther  west  from  the  seTpentine,  eevertl  rdnM  of  a 
quarts  stmctare  hare  been  found.*' 

Thost,  Quarieri^  Jcmwdof  the  Q^ol,  Soe.,  xn.  p.  426. 

"  At  Loch  Dochart  the  schistose  or  gneissose  strata  are  mneh  gnarled  and 
twisted,  dipping  in  Tarious  directions  from  N.E.  to  S.E.  •  •  •  As  we  ap- 
proach Luib  the  dip  appears  on  the  whole  north-easterly.  There  the  beds 
undulating  along  an  E.N.E.  axis ;  but  they  may  possibly  be  reversed  to  N.W. 

MuROHiBON  &  Gbixib.  Ibid,  XYii.  p.  218. 

"  Near  Killin,  at  the  head  of  Loch  Tay,  the  straU,  principally  mica-slate, 
mixed  with  hornblende-slate  and  limestone,  dip  at  low  angles  (S0° — 40^)  to  N. 
25®  W.  The  same  dips,  though  more  irregular,  continue  along  Glen  Bochart  to 
the  limestone  near  Crianlarich,  where  there  is  probably  a  cyndinal  fold." 

NiooL,  Ibid,  zix.  p.  200. 

•  «  Above,  and  indeed  to  a  cerUin  extent,  interstratified  with  the  talco-miea- 
eeous  slates  of  the  Lisard,  we  find  well-characterised  hornblende  slate,  occasion- 
ally intermingled  with  beds  which  haye  the  same  mineral  composition,  but  not 
the  same  schistose  structure.  It  is  a  compound  of  hornblende  and  felspar,  in 
the  mass  in  nearly  equal  proportions,  •  •  •  The  rock  is  for  the  most  part 
remarkable  for  the  lustre  of  ita  hornblende.  It  It  it  The  hornblende  slate 
seems  intimately  connected  with  the  talco-mieaoeous  slates  near  Foltrcath.  It 
supporte  the  groat  mass  of  the  lasard  serpentine,  with  an  apparent  passage  of 
the  one  into  the  other  in  many  places." 

Da  LA  Bbchb,  Report  on  the  Gtohgy  of  ComwaU,  &e.,  pp.  29-30. 


by  BorlsM  (Vaturai  SUtory  of  ComKMU,  PI.  XYIILy  p.  108)  and  Piyee  {UkmoL  C^rmi*. 
PL  IT.,  pp.  160—72).  Hils  watteAil  manner  of  working  wai  the  onlj  one  followed  in  Cornwall 
until  (at  tha  earllect)  1778;  and  at  late  as  1816  (Came,  Comwmtt  Omk  Trans.,  ixi.»  pp.  fl8--0) 
it  had  not  been  finally  abandoned.  The  {UttUmHnds)  wtnat—rvtioaOj  repreaenled  by  the  eame 
author*— appean  to  have  been  go  leldom  retorted  to,  that  at  the  Pcoi  (Saai  Whmi  Crojif) 
mine  in  1758  one  onij,  and  at  BuOm-Gardmi  {Doleoath)  in  1778  (t  17fi8),  but  two  such,  had 
been  opened.  Baekr§topet  are  not  even  mentioned  by  either  of  the  great  authorities  on  Ctomish 
mining  in  the  last  eentury. 

"  More  than  a  quarter  of  a  century  before  Borlase's  publication,  and  nearly  half  a  century 
earlier  than  Pryee**,  howerer,  the  system  of  thafii,  Uotfs,  wintm,  and  btuh-Uop4S  had  been 
both  adopted  and  described  in  Germany. 

"  The  Mine  of  IllffMiMM  In  Saze  Weimar  was,  thns  early,  described  by  Bergmeister  Christian 
Prid  Tromler  to  hare  been  wrought  by  aid  of  four  thaftt,  six  Isveb,  and  eleven  lemzes;  and,  at 
the  same  time,  a  section  of  the  mines  of  Clausthal  and  Zellerfeld  in  (the  Harts)  Hanover 
showed  nine  shafts,  four  l«w<i,  two  winxts,  two  bottommStopM,  and  eleren  baek'SUqtts.*' 

BaocKMAirir,  Magnaha  D§i  in  Loeis  SubUrrasuis  (WoifenbGttel,  1730),  PL  IT.,  XII., 
pp.  17»-6,  S6ft-6. 

At  Dolcoath,  in  178iK4,  "flTe  hundred  pounds  per  month  were  spent  on  timber;  and,  to 
draw  a  kibble  of  ore  weighing  about  8  cwt.,  a  new  (whim)-rope,  of  above  a  ton  weight,  was 
worn  out  in  a  fortnight."— fixxLSS,  Unes  of  BouUon  and  Watt,  p.  381.  "In  1786—8  the 
Adventurers — believing  they  had  extracted  everything  worth  removal — abandoned  the  mine; 
which  had  reached  a  depth  of  one  hundred  and  eighty  five  fkthoms."( — Thokas,  MSS.  Ants, 
p.  448.)    "  In  1800,  however,  the  works  were  reopened ;  and  it  was  then  found  that— although 
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In  both,  the  planes  of  structure  bear  nearly  S.E. — 
N.W.,  and  dip  30—60°  S.W.* 

Hornblendic  slates  form  the  (hanging  and  foot 
walls)  opposite  sides  of  a  broad  metalliferous  band, — 
the  object  of  pursuit, — which  seems  to  coincide  with 
their  lines  of  cleavage  wherever  the  two  are  in  contact; 
but  the  series  of  low,  rocky,  hummocks, — visible  amid 
a  rank  growth  of  heath  and  fern  for  nearly  half-a-mile 
— on  the  range  of  its  outcrop,  bears  20** — 30**  W.  of  N. 
— E.  of  S.*  Openings,  more  than  thirty  feet  across, 
have  been  made  in  several  parts  of  the  formation, 
but  its  exact  width  is  still  unknown.  The  principal 
ingredients — as  in  the  adjoining  rocks — are  horn- 
blende and  felspar;  both  which  are,  here  and  there, 
distinctly  crystallized.  Large  shapeless  bodies  of  green, 
brown,  and  bluish  serpentine, — ^sometimes  enclosing, 
sometimes  slightly  veined  with,  diallage^f— appear  at 
intervals.  Talc — passing  into  chlorite  and  thickly 
studded  with  garnets, — abounds  in  certain  parts  of  the 
formation ;  and — under  rather  different  circumstances 
— steatite  and  (?  tremolite)  asbestus  are  common. 

The  chromate  of  iron, — as  well  in  octahedral  crys- 


•  In  1838  the  Magnetic  declination  was  about  27**  80'  West.— Ross,  Phil, 
2VafU.,  cxxxxx.  p.  208.    Sabinx,  Ibid,  PI,  XIV, 

t "  Within  the  pier,  at  Coyerack  •  •  •  veins  of  diallage,  from  2  to  18  inches 
wide,  and  nearly  Tertical,  traverse  the  serpentine  in  varioas  directions." 

RooBBB,  ComwM  GeoL  Trans,,  ix.  p.  420. 

the  great  maM  of  copper  ore  thej  formerly  yielded,  had  been  wrought  by  botUnnrttopM—4h% 
kd$  had  been  fdrtber  aiplored  in  liViit,  frlnccf,  aind  Uuik-9Utpm,"{r-'BLjjJM,  KSS.  Awu,  p. 
140.) 

It  tppean,  therefore,— that  the  mode  of  working  which  had  been  praetiied  in  Hanover  and 
Hecie  more  than  thirty  years  earlier,  was  unknown  at  JMcoaih  in  1778; — ^that  it  wu  adopted 
then  before  1788;— and  thai  during  (1782—8)  a  portion  of  the  interral,  Mr.  Baipe,  an  emi- 
nent Uterarj  and  identiflo  HanOTtrian,  was  employed  on  the  ipol. 
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tals  and  narrow  interlacing  veins,  as  in  angular  and 
rude  spheroidal  masses  varying  from  a  few  grains  to 
several  tons  weight, —  occurs  in  several  portions  of 
the  deposit ;  but  mostly  invested  with  talcose  matter, 
and  always  in  a  vein*stone  of  serpentine.* 

Two  series  of  joints,  which  bear  respectively  25** — 
30"  N.  of  E.— S,  of  W„  and  16o— 20"  E.  of  N.— W. 
of  S.,  are  common  to  the  entire  system ;  but  number- 
less others,  of  much  shorter  range,  which  take  almost 
every  direction,  are  peculiar  to  the  serpentine.  All 
these, — whatever  their  extent  or  direction, — show, 
generally,  the  mere  contact  of  smooth  undulating 
faces ;  but  sometimes — like  the  lodes  and  cross-veins — 
they  enclose  slices  of  the  rock  they  traverse,  or  certain 
of  its  constituents.  Such  confronting  faces  of  the 
strata  are  often  irregularly  scored ;  and  the  striae,  on 
opposite  sides  of  the  ingredients  they  occasionally 
comprehend,  have  not  only  different,  but,  here  and 
there,  even  contrary,  inclinations.  Thus  the  principal 
joints  now  and  then  contain  micaceous  clay,  mixed 
with  granular  quartz,  whilst  they  traverse  the  mica- 
slate,  but  are  filled,  occasionally,  with  disintegrated 
felspar,  lamellar  hornblende,  and,  sometimes,  with 
(?  tremolite)  asbestus,  when  intersecting  the  horn- 
blendic  rocks ;  both  they  and  the  shorter  partingsy 
however,  include  serpentine,  steatite,  asbestus,  and  talc 
as  they  take  their  way  through  the  several  varieties  of 
serpentine.     It  may  be  noteworthy  that  the  masses 

*  TlioBt,  Quarterly  Journal  of  the  Qeol,  Soc.,  xn.  p.  425.  Smyth,  Ibid,  zxxii. 
p.  LXII. 
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(bunches)  of  ore  are  seldom  alike  in  quality*— fre- 
quently, indeed,  their  forms  are  dissimilar  f — on  oppo- 
site sides  of  the  joints. 

From  1866  to  1860  some  seventy  tons  of  ore  were 
quarried,  of  which  nearly  thirty  realized  about  five 
pounds  and  two  shillings  (£5  :  2  :  0)  per  ton,j;  and 
(in  1861)  forty  remained  unsold ;  whilst  great  quanti- 
ties— yet  unwrought — were  still  visible  at  the  surface.^ 


*  "  Not  a  few  of  the  larger  and  richer  lunches  of  ore  have  been  found  excln- 
siToly  on  one  side  of  croM-vetr» ;  whilst  on  the  opposite  side  the  same  lode  has 
been  entirely  worthless." — Hbitwood,  ComtioaU  OeoL  Trans.,  Y.  p.  233. 

t "  The  parts  of  lodes  in  contact  with  the  opposite  sides  of  eross^veins  haye 
[sometimes]  scarcely  the  faintest  resemblance  in  contour  to  each  other.*' 

Ibid,  p.  381. 

t  J.  F.  Wyllie,  Esq.,  Factor  to  the  late  Marquis  of  Breadalbane,  MSS. 

%  "  Chromic  iron  is  found  abundantly  in  the  Heatheote  Creek  and  Argyle 
Golly,  near  Mc  iTor,  and  reported  from  Riddell's  Creek,  near  Mount  Macedon, 
forming  a  fine  black  sand,  wholly  composed  of  minute,  exceedingly  sharp  octa- 
hedrons. It  also  occurs,  finely  impregnated  in  quartz  reefs  and  quartzose  rocks, 
near  Heatheote,  Strathlodden,  &c." — Selwth  and  Ulaich,  Intercolonial  Exhi- 
bition, 1866.    Notes  on  the  Physical  Oeopnphy,  Geology,  &c.  of  Victoria,  p.  53. 
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NOTBS  ON  THE  MoLTBDBNITE  OF  TOMNADASHAN 

IN  Perthshire. 

At  Tomnadashan,  about  midway  between  Killin  and 
Kenmore,  the  southern  shore  of  Loch  Tay  consists  of 
mica-slate ;  *  in  portions  of  which  the  several  ingredi- 
ents occur  here  and  there  in  separate  concretions^f 
whilst,  generally,  the  rock  is  of  coarse  grain  and  thick 
lamellar  structure. 

The  mica-slate  is  traversed  25^—30**  W.  of  N.— E, 
of  S.  j;  by  a  band  of  great,  but  unequal,  width,  con- 
sisting chiefly  of  felspar,  hornblende,  chlorite,  and 
quartz ;  §  which  constitute  felspar-porphyries  in  some, 
but  greenstones  (diabases)  in  other,  parts ;  the  former 


•  «  The  mioa-slate  near  the  south  side  of  Loeh  Tay  has  a  northern  underlay, 
but  much  flatter  than  on  the  north  side  of  the  lake ;  sometimes  it  is  almost 
horisontalf  then  changing  in  a  short  distance  to  a  sonthem  dip,  and  soon  again 
to  the  north;  so  that  the  strata  appear  like  waves,  showing,  however,  a  pre- 
Tailing  northern  underlay." — ODBBNHancBBt  Quarterfy  Journal,  Prize  Eaaaf$  ^ 
Jhmtaetioiu  of  the  Highland  and  AffrieuUural  Soei§tjf  of  Scotland,  xi«  p.  6i6, 

t  "  Near  Craig  Cailleach,  on  the  northern  side  of  Loch  Tay,  the  miea  slate  is 
trayersed  by  yeins,  and  interspersed  with  compressed  nodules,  of  quarts,  which 
bear  no  marks  of  attrition,  but  are  intimately  united  to  the  [rock]  in  which 
they  occur.*'— Mao  Cullooh,  Qeol,  Ihma,,  n.  p.  487. 

t  Ante,  p.  647,  Note  • 

}  '*  The  igneous  rooks  on  the  south  side  of  Loch  Tay  are  chiefly  composed  of 
compact  felspar-porphyry,  in  the  most  striking  Tariety,  and  of  greenstone.  Both 
rocks,  porphyry  and  greenstone,  are  closely  connected  at  Tomnadashan.  %  %  it 
At  this  place  there  is  quite  a  mixture,  each  forming  veins  and  nodules  in  the 
other.  This  mixture  occurs  in  the  middle  of  the  •  *  •  greenstone  and  por- 
phyry. Towards  the  borders  of  the  space  ooeupied  by  these  rooks,  a  separation 
takes  place,  the  greenstone  occupying  the  east  side,  the  granitic  porphyry  the 
west.  It  is  not  very  possible  to  ascribe  a  previous  age  either  to  greenstone  or 
to  porphyry ;  they  seem  to  be  contemporaneous :  and  the  veins  of  greenstone  in 
porphyry,  and  of  porphjrry  in  greenstone,  may  be  veins  of  secretion,  or  an  ac- 
cumulation of  similar  masses  out  of  a  mixed  compound  of  minerals." 

Odbbnhbiicbb,  Quarterfy  JounwX  of  the  Highland  and  AgrienUwal 
Society  of  Scotland,  xi.  pp.  642—8. 
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enclosing — ^as  the  JElvans  of  Cornwall  often  enclose,* 
— isolated  crystals  of  felspar  are  mostly,  though  not 
always,  determined  to  the  middle,  the  latter  towards 
the  sides,  of  the  formation.  Bodies  of  either  rock, 
however,  enwrap  shapeless  masses,  and  are  penetrated 
by  strings,  of  the  other ;  each,  in  turn,  thus  becoming 
the  envelope  and  the  enclosure, — the  country  and  the 
vein  ;  meanwhile  all  are,  more  or  less,  sprinkled  and 
veined  with  quartz.  Between  the  mica-slates,  por- 
phyries, and  greenstones  the  transition  is  often  gradual ; 
but  frequently  the  passage  is  abrupt  and  immediate. 

Amongst  several  series  of  joints  common  to  this 
system,  the  best  marked  and  most  numerous — 

(1.)  bear  25'— 80'  W.  of  N.— E.  of  S. ;— «e  nearly  parallel  to  the 
strike  of  the  mica-slate,  but  range,  as  well  transversely 
to  the  felspathic  and  homblendic  rocks,  and  to  the 
second  series  of  joints,  as  obliquely  to  the  joints  of  the 
third  and  fourth  series. ; — 

(2.)  „  26**— 80°  N.  of  E.— S.  of  W. ;— are  nearly  parallel  to  the 
strike  of  the  felspathie  and  homblendic  rocks;  but 
range  as  well  transversely  to  the  cleavage  of  the  slato 
and  to  the  first  series  of  joints,  as  obliquely  to  the 
joints  of  the  third  and  fourth  series ; — 

<*  Near  the  middle  of  the  south  aide  of  Loch  Tay,  opposite  Ben  Lawera,  at 
the  Tonmadashan  mines,  •  •  •  the  greenstone,  while  remaining  imchanged 
in  position  and  character  on  the  east  and  west  sides,  4t  ^t  m  has  near  its  middle 
not  only  been  deranged  by  *  •  «  a  powerful  yein  of  porphyry,  but  has  also 
been  often  altered  into  a  substance  exhibiting  the  mixed  characters  of  green- 
stone and  porphyry,  with  transitions  from  one  to  the  other.'* 

Thost,  Quarterly  Journal  of  th$  GeoL  Soe.,  xvi.  p.  422. 

*  **  At  Pra-sand,  near  Marazion,  the  Elvan^  though  equally  crystalline,  is 
sometimes  fine-grained  on  the  outside,  whilst  in  the  centre  it  is  coarser  and 
more  decidedly  porphyritic" — HsinrooD,  Cornwall  OwL  Ihma.  y.  pp.  61, 162. 

Sedgwick,  Cambridge  Phil,  Ihms.  i.  p.  129.  Boase,  ComtoaU  QeoL  Trane, 
IT.  p.  354.    Primary  Qeotogy^  p.  57* 
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(3.)  bear  15«— 20*  E.  of  N.— W.  of  S. ;— are  obliqae  aa  well  to  the 
cleavage  of  the  slates  and  the  range  of  the  felspathic 
and  homblendic  rocks  as  to  the  first  and  second  series 
of  joints,  but  are  transverse  to  the  joints  of  the  fourth 
series ; — 

(4.)  „  ly—^ff"  S.  of  E.— N.  of  W. ;— are  obliqae  as  well  to 
the  dearage  of  the  slates  and  ihe  range  of  the  fel- 
f^tbic  and  homblendic  rocks  as  to  the  first  and  second 
series  of  joints,  but  are  transverse  to  the  joints  of  the 
third  series. 

Less  developed  joints  take  other  directions,  in  many — 
and  especially  in  the  porphyritic — parts  of  the  system. 
Some  sixty  fathoms  above,  and  two  hundred  south 
of,  Loch  Tay  extensive  operations  were  carried  on, 
for  many  years,  at  a  heavy  loss,  by  the  late  Lord 
Bread  ALB  AN  E,*  on  two  lodes,  which  traverse  both  the 
greenstone  and  the  porphyry,  obliquely,  as  well  to 
their  boundaries  as  to  one  another.f 

The  wettemmost  lode  bean  newly  S.B.— N.W.,  and  dips  70* — 80*^  S^., — 

whilst  the  easternmost  „      „     8ome25®— 30^  8.of{  «».     ^~. 

E.— N.  of  W. >       "       w.— «.w.; 

but,  notwithstanding  this   convergence, — no  less  in 
their  descent  than  in  their  course  towards  the  S. — 


•Ante,^  643,  Note  t 


t  "  At  Tomnadashin  «  «  «  the  veins  contain  rich  copper-pjrites,  iron- 
pyrites,  and  some  sulphuret  of  molybdena.  The  veins  which  contain  quarts  or 
calc-spar  yield  grey  copper-ore,  rich  in  silver  and  copper ;  from  these  a  great 
number  of  branches  are  sent  off  in  all  directions." 

Odeenhbimer,  Quarterly  Journal  of  the  Bighland  and  Agricultural 
Society  of  Scotland^  xi.  p.  528. 

"  In  the  mines  of  Tomnadashan  several  %  %  %  divisions,  which  have  received 
the  general  name  of  clay'VeinSt  may  be  seen,  forming  very  regular  courses  both 
in  perpendicular  and  horisontal  directions,  They  are  receptacles  ot  %  %  % 
silver-ore,  copper-pyrites,  grey  copper-ore,  iron-pyrites,  and  molybdenite/* 

Thosi,  Quarterly  Journal  of  the  QeoL  Soc,,  xvi,  pp,  422—3. 
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S.E., — operations  have  never  been  extended  to  their 
contact.*  In  width  they  vary  from  about  six  inches  to 
nearly  four  feet. 

Whilst  traversing  the  greenstone,  their  principal 
earthy  constituents  are  felspar  and  hornblende;  but, 
in  the  porphyry,  they  consist  chiefly  of  felspar  and 
granular  quartz ;  everywhere,  however,  massive  quartz 
is  a  large  ingredient,  and  smaller  quantities  of  cal- 
careous-spar and  of  chlorite  are  not  uncommon. 

As  the  lodes  converge^  the  rock  between  them  is 
intersected,  in  every  imaginable  direction,  by  number- 
less intertwining  veins  of  felspathic,  quartzose,  horn- 
blendic,  calcareous,  and  chloritic  matter;  usually  a 
mere  fraction  of  an  inch,  though  sometimes  several 
feet,  in  thickness.  But,  notwithstanding  these  inter- 
laced portions  may  not  transgress  the  limits  of  the 
greenstone  formation,  the  general  prevalence  of  horn- 
blende within  them,  and  of  felspar  towards  their 
surfaces,  gives  the  entire  ma^  a  brecciated  character. 

Both  the  lodes  and  their  branches '\  contain,  near 
the  surface,  great  quantities  of  earthy  brown  iron-ore, 
small  bunches  of  copper-pyrites,  and  nests  filled  with 
earthy  black  copper-ore  or  studded  with  malachite ; 
downward,  however,  the  earthy  ore  is  gradually  re- 
placed by  iron  pyrites;    yellow  copper-ore  becomes 


*  **  When  the  miners  are  working  along  on  the  course  of  a  lode,  ever  so  good, 
and  they  find  it  separate  and  diverge  into  branches  or  strings,  it  is  a  great  sign  of 
its  poverty ;  but,  on  the  contrary,  if  they  are  driving  on  branches  of  ore,  and 
they  find  them  embodying  or  coming  together,  as  they  work  on  the  coarse  of  the 
lode,  it  is  promissing.*'— Fbtob,  Mineralogia  ComubieruiSf  p.  103. 

t  AfUe^  p.  652,  Note  f. 


/ 
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more  plentiful,  and  granules  of  iiahlerz  farther  with 
particles  of  galena  are  thinly  sprinkled  through  the 
matrix. 

The  sulphuret  of  molybdenum — masked,  possibly, 
by  other  substances — is  seldom  observed  in  the  hdes ; 
but — accommodating  itself  to  the  strise,  which  scK>re 
the  vein-stones  and  the  (Country)  rocks  at  their  con- 
tact— it,  not  uncommonly,  shows  itself  as  a  slickenside. 
On  the  margin  of  the  lake,  however,  small  tabular 
crystals  are  scattered  through  the  porphyry  and  face 
its  joints.* 


i  Molybdenite  oocun  on  the  Syenite  (or  granite)  of  Motmt  SorreU 

FosTBB,  OeologiaU  Magazine,  ni.  p.  525. 

« Fine  hexagonal  platea  of  Molybdenite,  with  the  terminal  edges  replaced, 
and  of  from  J  to  ^  an  ineh  in  diameter,  occur  thickly  embedded  in  a  quarts  Tcin 
traTeraing  granite  at  Tackandandah ;  it  alao  occurs  in  a  similar  manner  at  Beedy 
Creek,  and  Tery  sparingly  dispersed  in  small  scales  through  the  granite  at  the 
breweries  near  Maldon.  The  Tackandandah  mineral  contains,  according  to 
assays,  a  small  per-centage  of  siWer/'-^SBLwrN  &  Ulrich,  Notes  on  Physical 
Gtography,  CMofffff  ^  Mineralogy  of  Victoria  (Intercolonial  Exhibition),  p.  59. 
SxTTH  (B.  Bbotjoh),  (Intercolonial  Exhibition  Essays)  Mimng  and  Mineral 
SUUietiee,  p.  33. 

Daubr^,  AmuUee  dee  Minee,  4me  S6rie,  iy.  p.  233.    Ante,  p.  546. 
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The  Caradon  District  in  East  Cornwall 
comprises — those  parts  of  the  parishes  of  Saint  Cleer 
and  Linkinhome  which  are  enclosed  by  a  line  drawn 
from  the  village  of  Saint  Cleer  to  Henwood  on  the 
N.N.E., — continued  thence  to  Bodmin-land  (a  part  of 
Garadon-down)  towards  the  S.S.E. — and  returned, 
through  Trethevy,  to  Saint  Cleer  on  the  W.S.W. ; — 
an  area  exceeding  four  square  miles. 

Detached  portions  of  the  district  had  been  described 
by  several  earlier  observers,*  but  a  general  outline 
of  its  structure  was  first  sketched  by  Dr.  Boase  in 
1832;  t  further  detail  was  published  by  Sir  H.  T.  De 
LA  Beche  in  1839 ;  %  and  much,  that  had  escaped  his 
predecessors,  was  carefully  worked  out  by  Mr.  Whitley 
in  1845.§ 

The  rocks  consist  of  granite,tt§ — ^^  ^Xh  ii^terlaid 
by  homblendic  beds,t!t§  —  ^^^  el  van  §  intersecting 
both  granite  and  slate;  their  several  junctions^  how- 
ever, are  much  concealed  by  soil  and  vegetation. 

*  Carew,  Survey  of  Cortuwdtt,  p.  129.  Borlaae,  NaiwrtU  Eiitory  of  ComwaU, 
p.  113;  AtUigfuities  of  Comwail,  p.  173.  Pryce,  Mineralopa  Comubiensis,  p. 
34.  PolwhelOy  History  of  ComwUl,  L  p.  174.  Mao  CuUooh,  Oeol,  Trana,,  xi. 
p.  69,  PI.  TV.  Lytons,  Cornwall,  pp.  olxxxiy.,  198.  C.  S.  Gilbert,  Historieal 
Survey  of  Camwatt^  i,  p.  172 ;  u.  p.  479.  HitohinB  &  Drew,  Hialory  of  Corn- 
wall, I.  pp.  62, 144 ;  II.  p.  164,  Bond,  HiHory  of  Looe^  pp.  196,  204.  Rogers, 
Cornwall  Qeol.  Trana.,  n.  p.  218. 

t  Cornwall  OeoL  Trane,,  ii.  pp.  208—11,  PL  IL 

X  Ordnance  Qeoloyioal  Mope^  JReport  on  the  Oeoloyy  qf  ComwaUt  Devon,  ^ 
Weat  Samereet,  pp.  79,  169,-85. 

§  Qeoloyieal  Map  of  the  Caradon  Miming  Vittriet. 

The  writer  thankfiilly  aoknowledgea  the  adTtntage  he  has  derived  firom  this 
excellent  work ;  of  which  a  copy  was— before  his  first  Tisit  to  Caradon— obligingly 
presented  to  hhn  by  Mr.  Whitley. 
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The  contact  of  the  granite  and  slate  bears  N.E.,  in 
two  railway-cuttings,  near  Trecarne ;  and  thence,  by  a 
sharp  recurvature  to  the  W.,  it  reaches  the  head  of 
Tremar-coombe ;    whence,  an  E.S.E.  course  brings  it 
to  Hendra,  and  afterwards  to  the  N.  of  Crow's-nest : 
a  deep  creek  in  the  granite  being — ^so  to  speak — thus 
filled  with  slatc^f    From  Crow's-nest  the  line  of 
junction — slightly  undulating  as  it  skirts  Stanton  and 
passes  through  Bladda — trends  about  E.N.B.  almost 
to  the  Liskeard  and  Launceston  turnpike ;  but  thence 
it  is  deflected  towards  the  E.S.E.    From  this  (the  £•) 
extremity  of  the  granite,  the  line  of  union  keeps  a 
N.N.W.  course  beyond  Tokenbury,  veering,  however, 
to  the  N.N.E.  on  approaching  Yeoland ;  and  thus — as 
it  were — filling  with  slate  a  broad  granite-bounded 
bay  directly   E,   of   Caradon.     From  Yeoland   the 
boundary — bearing  W.N.W. — winds  round  the  hill- 
side above  (S.  of)  Marke  Valley  ;  but  nearly  opposite 
Shilston's  gate  (Mutton-comer)  it  suddenly  swerves 
towards  the  N.,  and — displaying  remarkable  alterna- 
tions, at  ( Clanacofnbe)  Phoenix,  in  the  interval — keeps 
its  way  to  Knowl ;   for  some  distance,  however,  this 
line  is  merely  the  E.  margin  of  an  ofishoot,  from  about 
thirty  to  perhaps  two  hundred  fstthoms  in  width,  which 
separates  from  the  mass  at  Caradon  but  reunites  with 
it  beyond  Newland.     From  Knowl  its  path  is  not 
easily  traced ;   but,  for  nearly  a  furlong  W.  by  N.  of 


t  This  inflexion  is  not  shown  on  the  Ordnmw  Oeologieal  Mop. 
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granite,* — accompanies  the  Sharp  Tor  lode^  but  at 
different  levels  on  opposite  eides.^ 

But,  beside  the  schistose  rocks  \7hich  skirt  the 
granite  on  the  S.,  S.E.,  E.,  and  N.E.,  a  tract  of  slate 
— some  seven  furlongs  in  length  by  three  and  a  half 
in  breadth — is  represented  %  as  completely  insulated ; 
by  the  granite  slope  which  culminates  in  the  Cheese- 
wring  on  one  side,  and  by  the  broad  band  of  granite 
which  extends  from  Caradon,  through  Shilston's-gate, 
to  Knowl  on  the  other.  That  this  stretch  of  granite 
separates — during  a  considerable  part  of  its  course — 
the  comparatively  small  patch  of  slate  on  the  W. 
from  the  great  body  of  schistose  rocks  towards  the  £• 
seems  unquestionable ;  but  that,  throughout  its  entire 
range,  it  absolutely  severs  one  mass  of  slate  from  the 
other,  neither  observations  at  the  surface,  nor  mine- 
works  at  the  contact  of  the  granite  and  slate,  have 
yet  conclusively  proved.  Within  the  boundaries  as- 
signed X  to  this  strip  of  ground,  in  fact,  the  S.  upper 
side  of  rhanging-wall)  the  Phoenix  lode  §  to  about 
thirty-five  fathoms  from  the  surface  consists  of  slate ; 
whilst  the  confroutiug  portion  of  the  N.  lower  (foot- 
wall)  side,  and  both  sides  (walls)  at  all  greater  depths, 
are  composed  wholly  of  granite.  The  shallower  parts 
of  other  lodes  in  the  immediate  neighbourhood  seem 
likewise  bounded  by  slate  on  their  (S.)  upper,  but  by 

♦  Ante  p.  666,  Note  f. 

t  Webb  &  Geachi  HuUtry  and  Progress  of  Mining  in  the  Caradon  <md  Litkeard 
Diitriet,  p.  67. 
X  Antet  p.  655,  Notes  %  §• 
§  Tabh  XXV. 
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granite  on  their  (N.)  lower  sides.*!  What  thickness  of 


^  The  late  Caftain  Saxvbl  Ssoookbb,  who  long  managed  the  Fhvmz  mines, 
maintained  that  throoghout  this  particular  part  of  the  district,  the  shallower 
parts  of  most  of*  if  not  of  all,  the  lodM  were  bounded  by  slate  on  their  upper 
(hanging),  but  by  granite  on  their  lower  (foot  toallaj,  sides. 

t  At  Cook"9-kUehen  **  the  first  15  fathoms  of  the  shaft,  in  which  the  pomps 
are  worked,  are  in  superficial  ^roioafi ;  the  20  fathom  following  are  in  kilbu ; 
under  which  13  fathom  are  again  in  grtnoani  thence,  for  a  certain  space,  %  m  % 
the  load  has  the  grotoan  on  one  side  and  the  keUas  on  the  other.  %  %  %  From 
this,  down  to  a  certain  depth,  similar  differences  are  found  between  the  s6iete 
opposite  to  each  other  on  the  sides  of  the  load,  which  afterwards  passes  into 
grttniie"^DM Lno,  Oeologkal  Dravla, iix.  p.  293. 

Thomas,  Suneg  of  the  Mining  Digtrid  from  Chattwator  io  Camborno,  p.  10, 
Hawkins,  Cornwall  Qeoi.  TVoim.,  xi.  p.  378.  Sedgwick,  Cambridgo  PML  IWmt., 
X.  p.  122. 

The  characters  of  the  rocks,  which  form  the  oonfronting  sides  (waXU)  of  scTsral 
of  the  hdti,  at  different  depths  in  Cook*»'Kitchen  are  shown  in  the  following 
columns  :— 


Xoda 


Name. 


South 
7by*« 


Dunkin*» 


Middk  Engine.. 
Hani  Shtfft  •  • . . 


Dip 


S. 

N. 


8. 


N. 
N. 


Depth, 
ftni. 


54 

54 

fiS 
'I  66 

Los 

88 
54 


North  fide, 
(upper) 


Slate 


Slate 
Slate 


F^t  (lower) 
wtUL 


Slate  •... 


Oranite  .. 
Slate  . . . . 
Slate  .... 


Sooth  tide. 


Stmgkig 

(upper) 

fvolL 


Qranite. 


Slate. 

Oranite. 

Granite. 


F^ot  (tower) 


Granite. 


Granite. 

Slate  enclosing 
ioffraBite. 


"  In  the  S.  part  of  Cook'i-Kitchen  a  decomposing  granite  appears  at  the  sur- 
faee  and  continues  downward  for  about  18  fathoms,  where  it  is  succeeded  by  slate 
which  reaches  to  a  depth  of  89  fathoms.    From  89  to  49  fathoms  fine-grained 
schorlaceous  granite  preyails ;  and  for  a  great  many  fathoms  downward  beds  and 
masses  of  granite  and  slate  irregularly  mix  and  alternate  in  a  yery  irregular 
manner;  %  %  %  in  most,  if  not  in  all,  cases,  veins  of  granite  traverse  the  slate." 
Hbitwood,  Phil,  Mag.  ^  Annalt,  x.  (1831)  pp.  35S--03 ;  ComwaU  OeoL 
Tram,,  v.  pp.  58,  01,  148,-50,   Table  LL,  PI,  VI,,  Fig.  4,  5. 
(Abridged.) 

At  Tineroft  *'  granite  was  found  on  one  side  of  Dimibn's  lode  and  schist  on  the 
other."— WXZJ.UM  Phxi.lip8,  Oeol.  Ihms,,  it.  p.  154,  PI.  V22.,  Fig.  8. 
"  In  Tineroft  a  mass  of  granite  accompanies  2}mtkin'e  lode  from  the  surface 
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schiBtose  rock  may  form  each  of  such  upper  (hanging- 
wall)  S.  sides  ;  or  whether  all,  any,  or  either,  of  them, 
may  intersect  the  entire  band  of  granite  and  thus 
connect  the  small  (W.)  patch  with  the  great  (E.)  body 
of  slate,  has  never  vet  been  ascertained. 

At  Sharp  Tor — as  in  the  Phoenix  mines — shallow 
portions  of  the  lode  are  bounded  by  slate  on  the  S. 
upper  (hanging-wall)  side,  but  by  granite  on  the  N. 
lower  (foot).* 

At  Marhe  Valley^^  some  three-quarters  of  a  mile 
S.E.,  however,  the  hde — which  dips  towards  the  N. — 
is  accompanied  on  its  N.  or  upper  (hanging-wall)  side, 

to  26  fathoms  deep ;  but,  at  a  short  distance  on  each  side  of  this  granite,  as  well 
as  in  hothwaA  of  the  lode  from  26  to  84  fathoms  deep  slate  is  the  only  rock." 

HBNirooD,  Comwail  Geols  Drana.,  ▼.  pp.  60,  198|  TabU  LIT., 
PI.  VLa,  Fig.  1,  2. 

"  At  Wheal  Thmnaek  the  lode,  at  34  fathoms  deep,  continues  for  10  fathoms 

with  granite  on  the  8,  (hanging)  wall,  and  slate  on  the  N.  (foot)" 

Ibid,  pp.  61,  197,  Table  XLVI. 
In  the  Providence  Mitwe, — 

At  08  fias.  detp  the  grsalte )  ( or  upper  (ikan^  )  ( It6or8ftni.AirUierN.B.thaiiliitlMN.W. 
liitbe8.B.)  1     ing'WaU)tiiAei  \  m\owi(JboUwaU) 

■ide. 
„70       „         tfas  granite)  (or  lower  (/bof-)  („    10       „       „      M.B.  khan  In  the  8.B. 
InthaN.W.j  (  mill)ildaj  (  or  upper  (Aon^iiV- 

i«MtU)iidei 
tf  M       „       ,  howerer,  the  JanctSon  of  the  granite  and  ilate  oecun  in  eonfrontlng  parte  of 

the  oppoelte  walla. 

Ibid,  pp.  18,  196,  Table  XXI. 
**  In  BoiaUaek  the  Wheal  Hatard  lode,  at  60  fathoms  from  the  surface,  runs 
about  20  fathoms  between  granite  on  the  8.  or  upper  (hanging'waU)  side,  and 
slate  at  the  N.  or  lower  (footJ."'-'Ibid,  pp.  8,  196,  TabU  VII. 

Came,  Ibid,  xi.  pp.  92,  319. 

• «(  The  eastern  shaft  is  being  sunk  in  [the]  tongue  of  killas,  which  runs  up 
to  within  eighty  fathoms  of  the  engine-ahaft ;  where,  at  the  seventy  fathom 
UtsI,  it  underlies  west  at  an  angle  of  46^  under  the  granite,  %  %  %  The 
transition  from  killas  to  granite  is  so  defined,  that  it  can  be  pointed  out  to 
half  an  inch.  %  it  it  The  lode  for  a  considerable  distance  separates  the  granite 
from  the  killas." — Wbbb  &  Obaok,  Hietorg  and  Progress  qf  Mining  in  the 
Coradon  and  Litkeard  District,  p.  67. 

f  Table  XXVI. 
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to  a  depth  of  thirty-aix  fathoms,  by-  slate ;  but  in  the 
immediately  opposite  parts  of  its  S.  or  lower  (foot- 
wall)  side,  and  at  greater  depths  on  both  sides,  by 
granite. 

It  seems,  therefore,  that  whether  the  lodes  of  this 
district  dip  N.  or  S.,  the  shallower  parts  of  their 
upper  (hanging-wall J  sides  are  of  slate;  whilst  the 
immediately  confronting  portions  of  their  lower  (foot-- 
walls),  as  well  as  both  their  sides  (walls)  at  greater 
depths,  are  of  granite.^f 

Isolated  masses :|:  and  courses^  of  elvan  are  common, 
to  both  the  granite  and  slate,  in  many  parts  of  die 
district;  but — from  the  abundance  and  excellence  of 
the  granite,  which,  being  more  readily  and  cheaply 
obtained,  is  generally  used  as  a  building-stone — the 
elvan  is  less  frequently  quarried,  and  its  relations  are, 
perhaps,  less  understood,  in  this  than  in  any  other  of 
the  western  mining-fields. 

The  best-known  of  the  Caradon  elvan-courses — bears 
15'— 25'  S.  of  W.  — N.  of  E.,|l  —  crosses  Tremar- 
coombe  at  the  Tremar  mine,  —  reappears  near  the 
Trethevy-stone,^ — and  passes  through  Trenoweth ;  but 

•ilnto,p.  668,  Note  t 

t "  The  9iip,  or  plane  of  dislocation  hades,  dips,  underlays,  or  is  inclined  to 
the  Tertical  so  as  to  pass  under  the  depressed  portion  of  the  strata  whioh  are 
displaced."->P&0FB880&  Fbillifb,  lUuttraiions  of  the  G§olo^  of  YorkMre, 
II.  p.  Ill,  PI.  XXIV.,  Fig:  16, 17;  Ante,  pp.  72,  227,  Notes. 

XTahUaXXIII.^IV. 
^  Infra,     Poatea,  p.  661. 

H  Whitley,  Geological  Map  of  the  Caradon  Mining  District.    Giles,  ComwaU 
Geol.  Trans,,  vii.  p,  158. 
If  Although  this  tine  croixilcch  is  made  of  unhewn  granite  (Nordcn,  Topo- 
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whilst  maintaiDing — though  at  a  distance  of  two  or 
three  furlongs — a  general  parallelism  to  the  granite,  it 
is  traced  through  the  slate  series  only. 

A  second  elvan-course,  bearing  10* — 16**  S,  of  W. — 
N.  of  E.,  emerges  from  the  granite  between  Trecarne 
and  Hendra ;  but,  after  traversing  the  slate  for  about 
five  furlongs,  it  re-enters  the  granite  near  Crow*s-nest. 

A  third  elvan-course,  which  bears  25° — SO"*  S.  of  W. 
— N,  of  E.,  has  been  followed  through  the  slate  im- 
mediately S.  of  Caradon-cot,  and  opened  in  several 
levels  at  Marke  Valley.^ 

Other  elvans  occur  in  different  parts  of  West  Cara- 
don,  South  Caradon,  and  Caradon-hill ;  but — if  they 
are  not,  really,  isolated  masses  f — no  connexion  ber 
tween  them  has  been  yet  satisfactorily  traced. 

The  hornblendic  and  felspathic  rocks  of  Saint  Cleer 
Down,  Tremar-coombe,  and  Trethevy,  which  interlie 
the  slate  but  never  reach  the  granite,  have  been  long 

graphieaU  Sf  Historical  Dweripiion  of  Cormootf,  p.  88.  Lysons,  CormoaU,  oozix, 
C.  S.  Gilbert,  Hittorical  Survey  of  CormoaU,  I.  p.  173.  Hitchins  &  Drew, 
Hitiorjf  of  Comwail,  z.  p.  174.  Bond,  History  of  Looe,  p.  216.  BsauHes  of 
England  and  WaUs^  ii.  p.  389.  Davies  Gilbert,  Parochial  History  of  CormoaU^ 
I.  p.  193.  Pattison,  Reports  of  the  Royal  Institulion  of  Cornwall^  zxxii.  (1850), 
p.  31.  Pedler,  Reports  of  the  Pemance  Nal,  Hist,  Society ^  z.  p.  435.  Allen, 
History  of  Liskeard,  p.  5,  PI,  II,  Blight,  Ancient  Crosses,  S^c,  in  the  East  of 
Comtoallt  p.  180.  Complete  Parochial  History  of  Comwail  (1867),  z.  p.  205.) 
it  stands  nearly  half-a-mile  within  the  boundary  of  the  slate  formation. 

♦  Table  XXVL 

t "  Within  six  feet  of  the  lode  [at  West  Caradon]  the  eonntry  softens,  and  is 
intennixed  with  4^  4^  «  porphyritic  elvan,  which  sometimes  thrusts  itself  into 
the  lode." — Wbbb  &  Gbach,  History  and  Progress  of  Mining  in  the  Caradon 
and  Liskeard  District,  p.  36. 

[In  South  Caradon]  '*  there  is  nothing  that  can  be  called  an  eWan  course,  al- 
though numerous  patches  occur  near  the  lode  and  favourably  affect  it.'* 

Ibid,  p.  33. 
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recognized  and  often  described ;  *  yet,  whether  they 
form  isolated  masses, — are  portions  of  one  and  the 
same  body, — or  even  touch  the  elvaut  is  still  unknown, 
(a.)  The  granite  consists  generally  of  felspar,  quartz, 
and  mica ;  towards  the  boundary,  however,  it  is  often 
thinly  sprinkled  with  schorl ;  within  certain  distances 
of  the  lodes^  it  sometimes  contains  chlorite,  and  smaller 
quantities  of  fluor  occasionally  appear.f  The  quartz 
is  always,  more  or  less,  translucent;   the  felspar  in 


"  In  many  of  the  mines  are  found  irregular  masses  of  eWan  of  different  de> 
grees  of  hardness,  scattered  at  ▼arions  depths." — Thomas,  Survey  of  ths  Mmm^ 
DUtriet  from  Chtuewater  to  Camborne,  p.  17. 

**  I  haye  myself  seen  no  large  masses  [of  eWan]  so  situated  as  to  lea?e  no 
uncertainty  respecting  them." — Hbnwood,  Comtoaii  OeoL  TVoim.,  y.  p.  166. 


•  "The  hornblende  formation  of  St.  Clere  is  principally  confined  to  that 
elevated  land  called  St.  Clere  Down.  It  extends  about  a  mile  from  E.  to  W., 
and  about  half-a-mile  from  N.  to  S.,  and  appears  to  run  B.  ft  W.,  and  to  dip 
towards  the  S.  or  S.W.  «  «  «  Although  the  St.  Clere  Down  formation  is 
distinctly  bounded,  hornblende  is  also  frequently  to  be  found  in  other  parts  of 
this  and  the  neighbouring  parishes.  «  «  «  At  Cradock  liill  is  a  quarry  of 
hornblende-slate,  dipping  S.B. ;  and  in  the  valley  below  Tremar,  a  large  mass 
of  rook  called  Watertor,  consists  of  dull,  fine-grained  hornblende.  %  %  %  On 
Forsnooth  Down,  and  again  towards  the  B.  near  Trevethy-stone,  hornblende  and 
homstone  are  found."— Boobbs,  ComwaU  Oeol,  Ihuu,,  ii.  pp.  218—20. 

"  The  large  down  between  Liskeard  and  St.  Cleeri  is  composed  of  hornblende- 
slate,  and  is  strewed  over  with  bowlders  of  greenstone."— Boabb,  Ibid,  it.  p.  208. 

De  la  Beche,  Report  on  the  Qeohgy  of  ComteaU,  Devon^  and  Weet  Somereet^ 
p.  79.  Whitley,  Qeologieal  Map  of  the  Caradon  Mining  Dietriet.  Giles,  Com- 
foall  Oeol,  TVoiM.,  yiz.  pp.  156,— 8. 

**  The  bed  of  volcanic  rock  at  St,  Cleer  on  the  south  [bears]  very  much  the 
same  relation  to  the  granite  that  that  of  Alternum  does  on  the  north,  lower 
rocks  being  brought  up  in  the  interval  on  the  east  of  the  granite  at  Caradon  " 
«  «  «.    HoLL,  Quarterfy  Journal  of  the  Geological  Society^  xxxt.  p.  421. 

t "  Towards  the  top  of  Downhill  is  a  fine-grained  granite,  in  which  [snow-white 
quartz,  shorl,  and  mica]  are  so  intimately  united,  as  to  form  a  granular  basis, 
having  imbedded  crystals  of  flesh-coloured  felspar.  Coarse  layers  also  occur 
containing  more  quarts,  shorl,  and  mica,  than  felspar.  «  ib  «  On  Carraton 
Hill  are  several  extensive  excavations  «  «  «  in  a  fine-grained  granite,  the 
upper  part  of  which  is  partially  decomposed^  being  of  a  reddish  brown  colour. 
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great  part  of  the  district  is  of  milk-white  hue,  but  on 
the  outskirts  and  near  the  lodes  it  assumes  many  shades 
of  pink,  buff,  and  brown ;  the  mica  is  perhaps  rather 
more  frequently  black  than  either  brown  or  white,  but 
occasionally  all  three  sorts  happen  together.  The  fel- 
spar and  quartz  are,  for  the  most  part,  either  separately 
aggregated  or  intimately  mixed,  but  now  and  then 
masses  of  either  are  enveloped  in  bodies  of  the  other; 
mica  and  schorl,  in  much  smaller  proportions,  are 
scattered  indifferently  through  both,  and  sometimes 
spiculse  of  schorl  are  imbedded  in  felspar  at  one  end 
and  in  quartz  at  the  other.  But,  notwithstanding  the 
whole  body  is  crystalline  its  constituents  rarely  form 
entire  and  perfect  crystals ;  it  is  true  that  portions  of 
the  felspar,  here  and  there,  develope  distinct  planes  and 


and  porom,  not  nnlike  some  kinds  of  brick.    This  rock  is  deriyed  from  a  Tory 

compact  granite,  consisting  of  minute  grains  of  red  felspar  and  quarts,  with  a 
greenish  mineral  resembling  hornblende." 

BoASB,  CormoaU  Geol,  Tram,,  it.  pp.  209—10. 

"The  granite  of  the  Brown  Willy  district  is yery  similar  to  that  of  Dartmoor, 
its  principal  mass  being  a  mixture  of  quarts,  felspar,  and  mica,  the  latter  some- 
times white,  at  others  black,  the  two  micas  occasionally  occurring  in  the  same 
mass,  and  being  frequently  porphyritic  from  the  occurrence  of  large  crystals  of 
felspar  disseminated  through  the  aggregate.  As  a  whole  it  is  not  particularly 
schorlaeeous,  though  here  and  there  schorl  may  be  discoTered  in  small  crystals 
in  the  mass.  It  appears  chiefly  so  towards  the  south.  Near  St.  Cleer  there 
are  some  interesting  schorlaceous  rocks  composed  of  quarts,  schorl,  mica,  and 
felspar." 

Db  la  Bbohb,  Retort  on  the  Geology  of  Cornwall,  Devon,  ^0.,  pp.  167, — 0. 

"  The  primitiTC  granite  of  Caradon  hill  is  bordered  as  well  on  the  south  as  on 
the  west  towards  Craddock  Moor  by  produetiTe  granites,  of  rough  and  irregnlar 
fracture ;  divided  by  many  joints,  frequently  containing  hornblende  or  chlorite, 
and  traitersed  by  regularly  formed  elvan'counee^  But  this  gets  thinner  and 
thinner  as  it  recedes  from  the  primitiTO  hill,  until  hard  granite,  without  sign  of 
metallic  life  of  Talue,  fills  up  the  rest  of  the  district."— Chablbs  Thoxab, 
Somarki  on  Me  Qeology  of  ComtoaU  and  Dooon,  p.  16,  (Abridged.) 
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angles,  yet  these — interfered  with  by  less  regular  faces 
— gradually  disappear  in  the  mass.*  Elsewhere  than 
in  Cornwall  this  granite  would,  probably,  be  con- 
sidered coarse-grained;  it  is,  however,  much  less  so 
than  that — bounded  by  homblendic  and  felspathic 
rocks — in  the  Saint  Just  and  Saint  Ives  distriets.t 

But,  beside  the  ordinary  and  occasional  ingredients 
already  mentioned,  tin-ore  is  sometimes  scattered 
through  the  rock,  and — as  near  Two-bridges  on  Dart- 
moor,:{:  Raggy-rowal  in  Breage,§  Carclaze  and  the 
Bunny  near  Saint  Austell, ||  and  Balleswidden  in  Saint 
Just^ — forms  one  of  its  constituents.  Within  short 
distances  of  certain  well-known  cross-cour&eSy**  a  body 
of  this  tin-bearing  granite  has  been  wrought  at  the 
foot  and  on  the  slope  of  Garadon ; 

from  Gonamena  N.  for  quite  330  fms.  in  length  and  50— in  extreme  breadth  ;  ft 

and  on  either  side  offiiets  haye 
been  followed ; 

towarda  the  W. for  ........    40    „  „         m    25  „  ; 

and     n        E.  , 150    „  „         „    70  „ 


«  Henwood,  ComtodU  OeoL  TVoim.,  ▼.  p.  221. 

t  Came,  Ihid,  IXL  p.  210.  De  la  Beehe,  Report  on  iho  GwUtgy  of  Cornwall^ 
Devon,  4«.f  p.  160.    Henwood,  ComwtU  OeoL  TVoiw.,  ▼.  p«  26. 

t  Berger,  OmL  Trant.,  i.  p.  120,    Ante,  p.  175. 

i  Henwood,  Cornwall  Oeol.  TVatu.,  y.  pp.  53,  235—6. 

t  Jars,  Voyages  MiiaUurgiquee^  xix.  p.  190.  Carne,  ComwaU  OeoL  Trana,,  n. 
p.  92.  Boase,  Ibid^  iv.  pp.  238>-9.  Hawkins,  Ihid,  it.  p.  476.  Sedgwick, 
Proceedings  of  the  GeoL  Soc.,  i.  p.  283 ;  Phil,  Mag  85  Annals,  ix.  p.  284 ;  Oeol, 
Trans,  n.s.,  in.  p.  483.  Yon  Oeynhausen  8t  von  Dechen,  Phil,  Mag,  ^  Asmah, 
▼.  pp.  241—2.  Be  la  Beche,  Report  on  the  Oeology  of  Comtoall,  &c.,  p.  346. 
Henwood,  Cornwall  Oeol.  TVtmt.,  ▼.  pp.  120,  235. 

ir/Mef,  pp.  15,  235>-6. 

••  De  la  Beche,  Ordnatuie  Geological  Maps,  Sheet  xxy.  Whitley,  Oeologieai 
Map  of  the  Caradon  Mining  District, 

tt  **  There  is  an  immense  ezcayation,  commencing  a  little  to  the  south  of  the 
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The  area  of  this  opening  is  about  eleven  acres ;  * 
but  it  is  nowhere  more  than  eight  fathoms  in  depth.^ 


new  engine-ihaft,  and  extending  in  a  northerly  direction  aorois  the  Mif  [of 
Oonament],  where  it  takes  a  bend  to  the  eastward.  This  has  for  ages  been 
streamed  for  tin  to  a  great  depth,  but  latterly  it  has  been  worked  by  an  adit 
brought  np  from  some  distance  down  the  valley.  Judging  from  appearances, 
Tery  considerable  and  profitable  returns  must  have  been  made." 

Wbbb  &  Oback,  History  and  Progreu  of  Mining  m  the  Ca/ra/don  and 
Litkeard  District,  p.  62. 

•  Nicholas  Whitley,  Esq.,  C.E.,  Secretary  of  the  Boyal  Institution  of  Corn- 
wall, HSS. 


t  The  open'tpork 
at  ir»«BlJriM<0  ....  which  It  nearly  86  tkns.  deep,  nMssores  about ....  1*      aors  la  arsa. 

,«  Cardaxs „  S6       „        ,  „  •...  6*      aeiw     „     . 

„  Mona  In  Ang laiaa  „  18       „        ,  „         6-«l  j  jy.^jj    ^        ^     ^ 

„  Paryj  and  Mona .  ^  9S       „        ,  „        19*131  j 

Henwood,  Comwatt  Qeol,  TVaiu.,  ▼.  pp.  98,  120.  Thomas,  Ibid^  p.  120. 
jlftte,  p.  576. 

At  Fahtvn  in  Sweden  an  accident  to  the  more  ancient  works  opened  to  the 
snrface,  on  the  24th  June,  1687,  a  chasm  163  fathoms  in  extreme  length,  128  in 
breadth,  about  nine  acres  and  a  half  in  area,  and  43  fathoms  in  depth. 

Jars,  Voyages  Mitatturgiques,  iii.  p.  88,  PL  II.  Fig,  1,  2.  Thomson,  Travels 
in  Sweden,  p.  217,  PL  IX.  X  De  Yillefosse,  Riehesse  Minirak,  ii.  p.  315,  PL 
XrX.  Fig.  1,  2.  Clarke  (E.  D.),  Thivels  in  various  Coutitries,  z.  pp.  526,— 33. 
Hawkins,  Cornwall  GeoL  Trans.,  iix.  pp.  271,-3.  Daubr^e  Annates  d&s  Mines^ 
4me  S^rie,  it.  pp.  238—42,  PL  VI,  Fig,  20,  21. 

"  The  famous  stockwork  of  Oeyersberg  pn  Saxony]  is  nothing  else  than  a  large 
mass  of  the  mountain  impregnated  with  tin-stone,  occasioned  by  the  meeting  of 
a  number  of  lodes  and  Tcins,  some  of  these  crossing  each  other  at  Tarious  angles, 
others  stretching  in  a  parallel  or  nearly  parallel  direction.  *  4fc  4fc  The  Teins 
are  chiefly  of  quarts,  and  are  united  to  the  rock  in  such  a  manner  as  to  indicate 
their  coeval  formation.  It  is  remarkable,  however  that  the  tin  lies  for  the  most 
part  unequally  dispersed  through  the  latter ;  and  this  circumstance  has  given 
occasion  to  *  «  4fc  the  great  irregularity  which  appears  to  have  marked  the 
progress  of  the  excavations  from  their  commencement.  This  defect  in  the  plan 
of  operation  has  been  carried  to  the  most  pernicious  excess,  [for]  the  immense 
excavations,  and  the  little  attention  paid  to  the  support  of  the  rock  above,  brought 
on  the  fatal  catastrophe  of  1611,  when  the  whole  extent  of  country  which  had 
been  undermined,  including  an  area  of  some  acres  on  the  side  of  the  mountain, 
sunk  in  at  once  to  a  depth  of  100  feet,  and  involved  a  considerable  part  of  the 
rock  in  ruin.  Wherever  the  rock  is  sufSciently  rich  in  Un  4fc  4fc  •  openings  are 
still  made  by  wood-firing ;  «  «  «  the  capacity  of  one  of  these  (the  Christopher) 
is  equal  to  that  of  a  cathedral ;  but  it  is  apprehended  that  [disregard  of  the 
ordinary  precautions]  will  at  no  distant  period  cause  a  recurrence  of  the  former 
catastrophe.    The  rock  itself  is  a  variety  of  porphyry,  the  mass  being  a  mixture 

zzzz 
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A  similar — but  a  smaller — work  occurs  about  two 
furlongs  S.S.W.  of  the  Cheese-wring.* 

The  granite  of  this  district  is  largely  quarried ;  some 
ten  thousand  tons  a  yearf  being  now  taken  by  railway 
from  the  Cheese-wring  to  Looe  for  exportation. 


of  chlorite  earth  and  clay,  in  which  the  grains  of  felspar  and  quarts  are  scazoely 
perceptible." — Hawkins,  Cornwall  Oeol.  Trans,,  ii.  pp.  39 — 42. 

The  subsidence  which  took  place  at  Dokoaih,  in  1828,  affected,  perhape,  a 
larger  sectional  area  than  that  at  Fahlun;  but  it  neither  extended  far  from  the 
lode$^  nor  reached  the  surface  (Report  on  the  Qeohgy  of  ComwaU,  &c.,  Bnle, 
PL  VI2L  IX,  J.  The  moTepient — which  continued  for  several  weeks, — ^was  so 
slow  that  workmen  who,  at  its  commencement,  were  employed  in  deep  B.  f levels  J 
galleries*  by  climbing  uncrushed  portions  of  the  ladders  in  some  places,  and 
waiting  opportunity  and  creeping  through  crevices  between  moving  rocks  else- 
where^reached  the  surface  at  the  W.  part  of  the  mine  in  safety.  *'  The 
vacuities  occasioned  by  the  removal  of  the  vein-stuff  piaving]  been  filled  up  as 
much  as  circumstances  permitted,  *  ^t  *  the  general  fall  did  not  exceed  a  few 
inches ;  but  large  masses  of  rock  were  detached  from  their  places,  and  inter- 
rupted the  working  of  the  pumps  "  (Aibt,  Phil.  Trans.,  CXLVI.  (1856)  p.  299). 
During  the  settlement  great  quantities  of  ancient  rubbish  were  taken  frooi  the 
surface  in  order  to  fill  the  openings  underground ;  and,  after  it  had  ceased,  some 
thousand  loads  of  timber  were  used  for  keeping  open  the  requisite  communi- 
cations ;  in  some  cases,  however,  it  was  deemed  unsafe  to  attempt  propping  the 
overhanging  sides  of  the  larger  cavities,  until  inaccessible  and  dangerous  crags 
had  been  brought  down  by  cannon-shot. 

♦  Ante,  p.  664,  Note  •♦. 

t  "  The  excellent  fine-grained  granite  of  the  Cheesewring  hill  being  rendered 
accessible  by  the  Liskeard  and  Caradon  Railway  which  reached  its  base,  a  com- 
pany was  soon  formed  to  work  it,  and  exported  considerable  quantities  %  %  %. 
The  carriage  of  granite  down  the  railway  in  1864  amounted  to  3,364  tons,  and 
it  is  likely  to  be  greatly  increased." — Allbn,  History  of  Liskeard,  p.  i02. 

The  Cheese-wring  quarry  presents  a  rude  semicircular  section  of  the  hill-side, 
some  four  hundred  feet  in  width  by  one  hundred  in  depth.  The  granite  it 
affords — if  inferior  to  any  in  Cornwall, — is  second  only  to  that  of  Camsew  near 
Penryn,  in  the  uniformity  of  its  texture  and  hue.  The  rock  forms  beds  of  great 
extent,  but  of  unequal  thickness;  those  of  the  finest  grain  being,  usually, 
uppermost  and  thinnest.  Single  explosions  will  sometimes  displace  masses  of 
a  thousand  tons  each ;  but  such  are  divided  into  pieces  of  manageable  sixes  by 
smaller  blasts.  The  blocks  are  cleaved  by  boring,  at  intervals  of  about  three 
inches,  holes  some  three  inches  deep; — placing  a  pair  of  thin  iron  plates 
(feathers J  in  each  hole,— and  between  each  pair  a  wedge,  a  very  few  blows, 
with  a  heavy  hammer,  on  each  wedge,  suffice  to  split  the  rock,  tolerably  smooth- 
ly, in  the  required  direction. 
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(ft.)  The  slates  consist — ^as  the  granite  they  adjoin 
also  consists  * — chiefly  of  felspar  and  quartz ;  mixed, 
however,  with  mica  in  some,  and  with  chlorite  in 
other,  places.^  They  vary  from  bluish-black  to  pale- 
blue,  light-green,  greenish-white,  greyish-buff,  pinkish- 
grey,  and  brick *red,  in  colour ;  and  from  thick-lamel- 
lar to  fissile  in  structure. 

At  its  contact  with  the  granite,  immediately  N.  of 
Crow's-nest,  the  slate  is  thick-lamellar^  and  of  greenish 
hue. 

At  Bladda  and  Tokenbury  the  slate,  within  short 
distances  of  the  granite,  is  still  of  thick-lamellar 
structure ;  but  its  hues — though  purplish  in  some,  and 
brownish  in  other,  places — are  generally  of  pale  blue. 
In  the  deeper  parts  of  Marke  Valley  the  granite  is 


Upwards  of  one  hondred  men  and  boys  are  employed  on  the  works;  and 
about  ten  thousand  tons  of  granite  are  annually  conTeyed  by  railway  from  the 
quarry  to  Looe,  whence  it  is  exported.  From  Mabe  and  Constantine,  howeyer, 
nearly  thirty  thousand  tons  a  year  are  shipped  at  Penryn  and  Port  Navis. 

Western  Daily  Mercury  (28th  May,— 2nd.  June,  1868), 
XT.  No.  2463,  2467.    (Abridged.) 

*  "  The  granite  and  slate  of  Cornwall,  at  their  Junction,  are  frequently  so 
similar,  both  in  composition  and  concretionary  structure,  that  «  m  %  tXti  little 
distance  they  cannot  be  distinguished  from  each  other ;  the  darker  colour  of  the 
slate,  and  its  tendency,  often  slight,  to  break  into  laminc,  are  sometimes  the 
only  differences  to  be  detected  on  a  closer  inspection." 

BoASB,  Primary  Geology,  p.  132. 

t "  The  argillaceous  strata  mainly  consist  of  yellowish -brown  slates,  suffi- 
ciently soft  to  be  wrought  «  «  «  for  building  purposes.  But  though  this  is 
the  prevailing  characteristio  of  these  slates,  it  is  not  the  only  one,  for  they  are 
found  in  many  places  to  pass  gradually  into  a  greenish-coloured  schist,  apparently 
from  an  admixture  of  chlorite ;  and  then  again  into  grey,  and  light  and  deep 
blue  coloured  schist,  varying  in  degrees  of  hardness  and  cleavage  [but]  these 
exceptional  beds  occur  at  wide  intervals.  «  «  •  Leaving  St.  Cleer  down  on 
the  south-western  side,  and  following  the  line  of  dip,  the  strata  vary  with  brown 
and  dull  grey  coloured  beds ;  the  brown  being  the  softer  and  least  fissile  of  the 
two."— GiLBS,  ComwaU  Geol,  Trana.^  vii,  p.  155. 
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succeeded  by  a  compact,  pearl-white,  felspathic  rock ; 
and  this  graduates  into  thick-lamellar  slate ;  at  first  of 
greyish-blue,  but  afterward  of  purple,  hue.*  Nearer 
the  surface^  but  further  from  the  granite,  greenish 
tints  prevail  in  the,  rather  fissile,  slate,  but  sometimes 
it  is  mottled  with  buff  or  reddish-brown ;  at  intervala* 
however,  it  is  interlaid  by  beds  of  thicker  structure, 
and  in  these  pinkish  flakes  and  dark-green  granules 
are  scattered  through  a  basis  of  pale-green. 

Fragments  of  purplish-red,  reddish-brown,  greenish- 
grey,  and  pearl-white  quartzose  slate  thinly  flecked 
with  mica, — probably  the  refuse  of  ancient  mines — 
are  irregularly  scattered  over  the  N.  slope  of  Garadon ; 
but  the  parent  rock  is  covered  with  earth  and  vegetation. 

Dunslej/  Wheal  Phcsnix,  near  Shilston's  gate,t  has 
been  wrought  in  thick-lamellar,  brick-red  or  pale- 
brown  slate ;  which  is  traversed, — at  about  right-angles 
to  its  planes  of  cleavage, — by  veins  of  disintegrated 
felspathic  granite. 

The  fissile  reddish-brown  rubbish  brought  to  the 
surface  at  South  Pkcenix :{;  is  mixed  with  masses  of  a 

♦  Tabk  xxn. 

t  Webb  ft  Geaoh,  HiHoiyandProffreuofMuUnffinth^  CaradonandLuk$atd 
;  p.  24,  PL  I. 


t  Bailwftyf  and  (»kip9)  waggons,  wbiob  bad  been  adapted  to  inclined  abafta, 
at  Whtal  Fri&ntUhy^  near  TaTiitock,  early  in  tbe  present  century  (Lbifchild, 
EnqfelopacUa  BriUmnicaf  MnrxNO,  xy.  ppi  225—6.  Moissbnbt,  AtmaUi  det 
Mines f  6ine  S^rie/  ix.  pp.  251,^, —7.  Ante,  p.  144,  Note.)  were  adopted  at 
South  Phoenix  long  before  tbey  were  generally  used  in  West  Cornwall. 

In  many  Britisb,  Frencb,  and  Belgian  collieries  tbe  tram-waggons  are  loaded 
directly  from  tbe  seam,  and  run  tbrougb  tbe  gaUeriee  at  once  into  well-secured 
cages,  frames,  or  obairs ;  wbiob  are  worked,  on  guides,  tbrongb  tbe  sbaftt,  at 
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pearl-white  felspathic  rock;  compact  when  newly 
broken,  but  developing  a  schistose  structure  on  ex- 
posure. Narrow  borders  of  reddish  or  brownish  hue 
accompany  numerous  short  joints  in  the  fawn-coloured, 
greenish-grey,  and  pearl-white  slates  of  Wheal  Jenkin. 
And  the  pellicle  of  slate  which  overlies  the  granite  at, 
and  above,  the  Cheesewring  hotel,  is  of  much  the  same 
character. 

The  slate  which  forms  the  (hanging-wall)  upper,  or 
S.  side  of  the  Phosnix  lode,  to  a  depth  of  thirty-six 
fathoms,  consists  mostly  of  quartz  and  mica ;  mingled, 
however,  with  small  proportions  of  felspar,  and,  less 


rates  Tarjing  from  S*l  to  4*8  fathoms  per  second.  The  waggons  are  passed  from 
the  pits'  months  to  the  d^p^  on  tram-wajs  of  the  same  respectWe  gnages  as 
those  nndergronnd ;  a  single  filling  and  emptying  thus  snifieing  for  the  entire 
transit. 

Combes,  rExpMUOion  dea  MinM^  ni.  pp.  262— 8«  PI  XLIV.  Fig.  8—8. 
Alexander,  EncyeU>ptbd4a  Britanniea,  Eighth  Edition,  Tii.  p.  126.  Smyth, 
Coal  and  Coal-Mining,  pp.  162—8,  Fig.  26—7. 

At  Balleawidden  in  the  Saint  Just  district,  many  of  the  underground-works 
were  lighted  with  coal-gas,  instead  of  with  candles,  during  scTeral  months  of 
1866 — 7*  The  gas  was  made  at  the  surface,  and  carried  down  one  of  the  shafts, 
to  (the  one  hundred  and  ten  fathom  levelj  a  depth  of  more  than  one  hundred 
and  twenty  fathoms,  through  a  two-inch  wrought-iron  pipe;  from  which  branches, 
Ysrying  from  three-quarters  of  an  inch  to  an  inch  in  diameter,  were  laid — in 
some  cases  for  at  least  one  hundred  and  seventy  fathoms— along  the  ssTeral 
C  levels  J  galleries;  and  similar  pipes  extended — occasionally  as  much  ss  ten 
fathoms  above  the  lev^^^io  the  various  (hacka  or  piteheej  parts  in  progress. 
Flexible  tubes  ot  guttapercha  were,  on  occasion,  carried  to  individuals,  but  where 
four  men  worked  together  a  single  jet  of  gas  gave  light  enough  for  them  all. 
«•  In  the  shaft,  levels,  and  pitches  it  answered  [so]  exceedingly  well  as  to  leave 
no  doubt  of  its  serving  all  the  purposes  for  which  it  was  intended  "  (Nicholas 
TRBDiicxacK,  William  Clskbns^  &  Thokas  Tkahaib,  Captains  ot  BaUeswiddeng 
Cornish  Tekgngth,  20th  May,  1857).  It  was  computed  that  the  works  were  light- 
ed by  gas,  one-third  cheaper  than  by  candles.  Owing  to  personal  interests  and 
prejudices  of  the  workmen,  however,  the  experiment  wss  discontinued. 

For  this  statement— compiled  from  official  documents  by  Mb.Hbnbt  Thokas^ 
Acooimtant  at  BaUestoiddenf—itv  writer  is  indebted  to  John  Jaxis*  Bbo., 
Alderman  of  Fensanoe. 
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frequently,  with  spiculse  of  schorl.  It  is,  mostly,  of 
rather  coarse  grain,  often  fissile,  and  sometimes  con- 
torted ;  here  and  there  it  is  mottled  with  crimson  or 
brick-red ;  but  pink,  buff,  and  light-grey  are  its  pre- 
vailing hues. 

The  fine-grained  and  somewhat  thinly-cleaved  slates 
of  Knowl  and  Newland — though  occasionally  buff- 
coloured — have  often  a  pinkish  tinge. 

At  and  near  the  surface  variegated  pearl-white,  pale- 
blue,  and  reddish-brown  slates  occupy  the  (hanging- 
wall)  upper,  or  S.,  side  of  the  Sharp  Tor  lode ;  whilst 
confronting  portions  of  the  (foot-wall)  N.  side  consist 
of  granite ;  but,  between  this  and  the  main  body  of 
granite  beneath,  a  considerable  thickness  of  similar 
slate  is  interposed.* 

(c.)  Whether  the  elvans  which  occur  in  the  granite 
at  West  Caradon  and  South  Caradon  are  mere  isolated 
masses,  or  form  broad  (courses)  bands  of  great  range ;  f 
their  basis  consists  principally  of  translucent  quartz 
and  milk-white  felspar,  with  smaller  quantities  of 
mica  and  schorl ;  in  which  porphyritic  crystals  of  pink- 
ish-buff or  flesh-coloured  felspar,  and — occasionally 
truncated  —  twin  crystals  of  quartz  J  are  frequently 
embedded. 


*  Webb  &  Geach,  History  and  Progress  of  Mining  in  the  Caradon  and  Liskeard 
District,  p.  67.    Ante,  p.  659. 

t  Webb  &  Geach,  History  and  Progress  of  Mining  in  the  Caradon  and  Liskeard 
District,  pp.  33,-6.    Ante,  p.  660—1. 

X  **  In  elvans  whicb  trayerse  the  granite  felspar  and  mica  seem  to  be  the  pre- 
vailing  minerals  •  «  ♦  whilst  double-pointed  crystals  of  quartz  and  porphy- 
ritic crystals  of  febpar  abound."— Hbnwood,  ComtoaU  Qeol.  TYans,  y.  p.  162. 
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The  elvan-course  which  leaves  the  grauite  N.E.  of 
Trecarne  and  returns  to  it  E.  of  Crow's-nest,  but  takes 
its  course  through  slate  during  the  interval,*!  com- 
prehends, whilst  in  granite,  much  the  same  ingredients 
as  the  elvans  of  West  Caradon  and  South  Caradon, 
except  that  the  crystals  of  felspar  in  its  fine-grained 
basis  X  are  mostly  of  milk-white  hue ;  in  the  slate, 
however,  it  is  so  disintegrated  that  its  composition  can 
scarcely  be  ascertained. 

The  elvan-course  which  intersects  the  slates  at  Marke 
Valley  and  on  the  N.  flank  of  Caradon,^  is  composed 
of  granular,  yellowish-white  felspar  and  quartz,  thickly 
sprinkled  with  minute  crystals  of  schorl  near  the  sides; 
but  includes  large  crystals  of  felspar — pink  in  some, 
although  milk-white  in  other,  portions — towards  the 
middle.  II 

id.)  The  hornblendic  formation  extends  from  Saint 
Cleer  E.  to  Trethevy  mine ;  where  beds  of  massive 
greenish-black  hornblende  interlie  thick-lamellar  horn- 
blendic and  felspathic  slates ;  ^  the  joints  of  which  are 
sometimes  filled  with  calcareo-siliceous  matter. 

*  Whitley,  Geological  Map  of  the  Caradon  Mining  District, 
f  Ante,  p.  661, 

X  '*  On  the  south  and  south-western  side  of  the  [granite],  some  heautiful  elvans 
occur.  Near  the  Trevethey  Stone  is  one  of  a  cream  colour  marked  with  light 
red  spots ;  some  again  are  Tariegated  with  black  and  g^een  spots,  producing  a 
beautiful  effect.  A  little  above  Crow's  Nest  there  is  one  in  the  bed  of  the  river 
more  [uniform]  in  appearance,  not  unlike  common  clay  earthenware." 

OiLBS,  Comtoall  Geol,  Trans, ^  vii.  p.  158. 

i  Ante,  p.  661,  Table  XXVI. 

g  Sedgwick,  Cambridge  Phil,  Tram.,  i.  p.  129.  Boase,  Comtoall  Geol,  Trmu., 
!▼.  p.  364 ;  Primary  Geology,  p.  67.  Henwood,  Cornwall  Geol.  Trans,  ▼.  pp. 
61,  162;  Anie,ip.  661. 

IT  *<  The  hornblende  [of  Saint  Cleer]  ««««««««««  is  generally 


672  W.  J.  Henwood,  on  the  Caradon 

The  Cheesewring  quarries  are  wrought  in  sacessive 
dome-shaped  or  slightly  conical*  bodies,  beds,t  or 
sheets  of  granite ;  which — differing  much  in  thickness, 
and  declining  6** — 10**  towards  all  sides  of  the  hill — 
conform,  in  some  measure,  to  its  contour.;): 

coane-grained  with  shining  facets ;  but  as  it  approaches  its  termination  it  be- 
comes more  dull  and  ilne-grained,  and  passes  into  hornblende-slate,  accompanied 
bj  homstone.  %  %  %  Homstone  and  hornblende-slate  passing  into  daj-slate, 
are  fonnd  thronghont  the  whole  line  of  junction,  except  towards  the  north-east, 
where  I  foand  no  homstone.  In  that  direction,  hornblende-slate,  a  kind  of 
greenstone-slate,  and  clay-slate  abounding  with  particles  of  mica,  form  the  con- 
necting chain  of  minerals  from  hornblende  to  granite.  #  #  #  The  minenl 
which  I  hare  called  hornblende-slate  graduates  imperceptibly  into  day-sl&te 
4^  «  4^  :  it  appears  to  be  the  slaty  felspar  rock  of  Jameson,  and  has  been 
sometimes  denominated  purple  killas. 

"  I  am  inclined  to  think  that  ♦  ♦  ♦  hornblende  is  also  frequently  to  be  found 
in  other  parts  of  the  [neighbourhood]  #  #  # ,  near  Trerethy  stone,  hornblende 
and  homstone  are  found." — Roobbb,  Cormoatt  O&ol,  Jhmt,  zi.  pp.  2i8 — 20. 

In  some  of  the  bowlders  of  greenstone  on  St.  Cleer  down  **  the  hornblende  is 
distinctly  crysulliied  in  shining  lamine. 

"  The  homblende-slate  at  Bosecradock,  is  of  a  blue  colour,  and  Tery  fine- 
grained; separates  into  thick  rhomboidal  lamine ;  dips  8.E.,  at  about  30^,  and 
sontains  beds  of  compact  felspar."— Boasb,  Ihid,  it.  pp.  208, — 10. 

An  "  intermixture  of  #  #  #  rocks,  many  of  them  schistose  and  ashy  [charae- 
terises]  the  argillaceous  slates  and  sandstones  from  St.  Cleer,  Liskeard,  and 
Menheniot  by  Saltash,  Plymouth,  Yealmpton  and  Ugborough,  to  Ashburton  and 
Torbay." — Db  jjl  Bbohb,  Eepori  on  the  Geology  of  Cornwall,  Devon^  &c.,  p.  79, 

"  The  traps  are  «  «  «  associated  more  or  less  with  the  slates  thronghont 
the  series.  Those  crossing  St.  Cleer  down  are  excessively  hard,  and  contain  a 
sufficiently  large  quantity  of  homblende  to  give  a  highly  glistening  appearance 
to  the  fracture ;  others  hare  an  earthy  appearance,  and  are  so  completely  de- 
composed that  the  mass  can  be  remored  with  a  spade. 

OiLBSy  Cormoatt  Owl,  TVvvw.,  tii.  p.  168. 

Holl,  QntorUrly  Journal  of  ih»  Qoologioal  Society,  xxiy.  p.  421.  Ante,  p.  661. 

*  '*  Whererer  an  extensive  surfhce  of  granite  is  exposed,  its  layers  uniformly 
exhibit  considerable  curyatures."—- Boabb,  Cornwall  Oeol,  7nifis.,  xv.  p.  866. 

t "  In  the  granite  near  Penryn  «  «  «  the  Bed-way  or  Floor  is  nearly  hori- 
sontal;  #  #  #  the  granite  splits  most  easily  on  this  line,  #  #  #  so  that  a 
workman  by  attending  to  this  point,  constantly  gains  more  wages  than  others 
by  breaking  stones  for  the  roads  by  measure." 

Ents,  London  ^  Edin.  Phil.  Mag,,  xi.  pp.  822—3. 

{ *'  Where  the  granite  is  exposed  in  the  Cheesewring  quarries^  the  beds  are 
wrapped  around  the  top  of  the  hill,  like  the  coats  of  an  onion." 

Whxtlbt,  JUporte  €f  the  Royal  Institution  of  Cornwall^  xxxii.  p.  31. 
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The  cleavage-planes  of  the  slates  which  dkirt  Caradon 
dip —  S.S.E.  near  Crow's-nest,  —  E.S.E.  on  Caradon 
Down, — S.S.E.  at  Bodmin-land,-r-E,N.E.  in  Marke 
Valley^ — N.N.W,  from  Phosnix  to  South  Phcsnix^  and 
E. — S.E.  towards  the  Cheesewring-hotel. 

(e)  Of  the  principal  joints  in  the  granite,*  N.  of 
Crow's-nest,  at  Gonamena,  and  near  the  Cheesewring, 

about  0*36  of  the  whole  bear 10^—24^  W.  of  N.— E.  of  S.t 

^^3  f  86*»  W.  of  N.— B.  of  S. 

*'  "      120*»  N.  of  W.— S.  of  B. 

0*41               •.        i  B.— W. 

" "       (28^N.ofB 8.ofW. 


•"  Taking  the  present  (1839)  magnetic  north  to  be  about  835^  at  the  Land's 
Bnd,  the  [average  of]  the  leading  great  cleaTage  ♦  4k  ♦  differs  from  it  between 
13®  and  14®.  4^  4k  «  The  cross  great  cleaTage  is  not  always  sufficiently  well 
characterised  to  be  noticed;  «  «  «  it  [howcTer]  Tariea  more  considerably  than 
the  north  and  south  cleaTage.  4k  ♦  4k 

"  Among  the.  slates  of  the  grauwaoke,  a  direction  of  826®  is  very  eonmion, 
%  •  4k  ;  on  the  small  scale  [howcTer]  great  diyisional  planes  often  cut  others 
at  acute  angles  for  short  distances,  4k  4k  4k  •  The  crossing  of  diyisional  planes, 
•o  as  frequently  to  show  three  series  cutting  each  other,  is  not  confined  to  the 
slates  of  the  grauwacke,  but  is  frequently  obsenrable  in  the  granites,  the  aren- 
aceous grauwacke,  and  the  carbonaceous  series.  "-^Db  La.  Bbohb,  Sepori  on  the 
Q^ohgy  of  ComwaU  and  Devon,  &c.,  pp.  272, — 3,^-4. 

The  different  directions  and  comparatiTe  frequency  of  Joints  obsenred  in  the 
granite  and  slate  of  other  western  mining  districts  are— 

DlncttoiM.  eranite.  Slate. 

80«W.S"5:-E.of8.{ «-29     0-84  of  th.  whole. 


80-N.ofW.-f:o/B;! O!"    »•«  " 


30°W.of  N.— E.  of  8. 
80°  N.  of  W.— S.  of  E. 
30°  N.  of  W.— a  of  B. 


W.-E.  \ «1»    »1* 


II 


80®  S.  of  W.^N.  Of  E.  I ^'^     ^'^* 

80®  S.  of  W.-N.  of  B.  i                       ...  J. .  o 

30® W.  of  8.— B.  of  N.  i ^"^     ^^^ 


30®W.of8.-B.ofN.j^^^ ^.^    ^.^j3 


S.-.N. 


>i 


1-  1- 

Hbvwood,  ComwaU  QeoL  Drant.t  ▼.  Tabie  XCIX. 

t  In  1840  the  magnetic  declination  was  26®  W. 

Sabihb,  PhU.  2Wm«.,  ozxxiz.  p.  205,  PU  XIV. 
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(f)  lu  the  slate  of  Crow's-nest,  Caradon  Down, 
Marke  Valley^  Caradon  Coombe,  Phamix,  and  Wheal 
Jenkinj 

about  0*60  of  the  principtl  joisU  bear  ....  14°— 24^  W.  of  N.— E.  of  S. 
ft.«ft  (40**  W.  of  N.--E.  of  S. 

9$        V  M9  ,1  •  •  •  •  I 

(20«  N.  of  W.— S.  of  B. 

„    0-20  ..  ....         i  ^'-^-         _ 

(40*  N.  of  E.— 8.  of  W. 

1- 

other  joints,  which  have  different  directions,*  are  of 

shorter  range, 

(e— 1)  The  lodes  range  between  5**  S.  of  E.— N.  of 

W.  and  35"  N.  of  E.—S.  of  W., 

0*08  of  tbem  bearing  5°  S.  of  E.— N.  of  W.    —    E.  &  W., 

008  „  E.&W.  —    10**N.ofB.— 8.ofW., 

0*82  „  lO"*— 20<»  N.  of  E.— 8.  of  W., 

0-48  „  20*»— SO*'      „        —     „       , 

004  „  80®— 40**      „        — 

their  mean  direction  being  about  18"*  N.  pf  E.- 
of  W.t 

( — 2)  Notwithstanding  both  the  bedding  of  the 
Cheesewring  granite  j:  and  the  cleavage-planes  of  the 
neighbouring  slates^  dip  from  the  central  body  of  the 
great  granite  formation, 


*  Haughton.  PhU,  Tram.^  OLiv.  pp.  406—7. 

t  "  The  general  bearing  of  the  copper  lodes  averages  about  7  degrees  north 
of  west  &  south  of  east  "  [magnetic]. — Wsbb  &  Gbach^  Hiatoiy  tmd  Prognu 
of  Mining  in  the  Caradon  and  Liakeard  District,  p.  5. 

The  mean  direction  of  the  lodes  in  the  Helston  district  is  16*  N.  of  £.— S.  of  W., 

Camborne  „  20°  „  —  „  , 

Redruth  „  22<»  „  —  „  , 

St.  Agnes  „  22*>  „  —  „  , 

St.  Austell  „  W  „  —  „  , 
Callington  & 

TaTistock  „  9°  „  —  „  . 

Hbmwood,  Cornwall  Geol,  Trans.,  ▼.  p.  250,  Table  CIIL 
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ly    0*04  of  the  hd&a  teTerallr  deaoribed )  n,    j^^^^  «      \ 
(in  Tobies  XXIIL^XXVI.) \  ^P/*^  *       \ 

lilst  0*96  ,»  „  „  towards  •  j 


only    0*04  of  the^lodlM 

the  granitic  mus ; 
whilst 

meanwhile  the  bedding  of  one  rock  dips  S"" — 10^t  ^^d 
the  cleavage  of  the  other  12** — 20**;  J  the  (opposite) 
inclination  of  the  hdes  averaging  69** — 70^  § 

( — 3)  The  lodes  which  traverse  dissimilar  rocks 
differ — here  as  elsewhere  || — ^in  width ;  thus — 

those  partiftlly  or  wholly^ 

fcw*^1to  *o?J5^["»8«  *«"»  1  *»°»  *•  Wfe«  &  .Te«g«  6-8  feet  fa.  width; 
results    . . •  • .J 

whilst  the  lodes  pecnliar )  i  i  o  o.a 

to  the  granite    )         "        *    »        *^ '»  "       '^ "  "        *»        • 

the  mean  width,  throughout  the  district,  heing  ahont    3*2  „  If    „        • 

(—4)  The  lodes — comprehending  every  ingredient 
of  the  rocks  they  traverse,  although  differently  aggre- 
gated and  in  different  proportions, — consist  chiefly  of 
quartz,  chlorite,  and  felspar ;  associated,  at  intervals, 
with  smaller  proportions  of  mica  and  schorl.  Some- 
times the  three  principal  of  these  constituents,  but 
perhaps  more  frequently  two  of  them  indifferently, 
are  intimately  mixed ;  and,  occasionally,  this  incorpo- 
ration is  veined  or  sprinkled  with  the  same  substances 

«  «  Of  296  examples,  162  [0*55]  dip  towards,  and  111  [0*37]  from  the  nearest 
granite,  whilst  there  are  23  [0*08]  doubtful  cases." 

Hbnwood,  ComwaU  Geol,  Trans,,  v.  p.  245. 
t  Jnte,p.  672. 

J  Tables  XXV,—XXVL 

f  **  Throughout  Cornwall  and  the  west  of  Deron,  the  mean  dip  of  the  lodes 
may  be  about  70"*  from  the  horison." 

Henwood,  ComuMiU  Oeol,  Trans.  ▼.  p.  247. 

I  "  On  the  whole  the  lodes  which  occur  in  the  granite  are  smaller  than  those 
in  the  slate."— /&uf,  p.  241. 

If  The  average  width  of  the  lodes  in  the  Saint  Just,  Saint  Ives,  Marasion, 
Owinear,  Helston,  Camborne,  Redruth,  Saint  Ives,  Saint  Austell,  Callington, 
and  Tavistock  districts  is  about  3*61  feet."— /ftuf,  Table  CL 
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in  di£ferent  degrees,  with  either  of  them  sepaTatdy,  or 
r— in  the  S.  of  the  district — with  floor.* 

As  well  N.  as  S.  of  Caradon  the  shallower  parts 
of  the  lodes  contain,  at  times,  considerable  quantities 
of  earthy  brown  iron-ore;  but  it,  and  the  minerals 
which  accompany  it,  are  not  of  precisely  the  same 
character  on  opposite  sides  *  of  the  granite. 

(—4*)  Stowes^'f  PhosnixjX  South  Phcsntx,^  Duns- 
ley  Phcenix^^  and  Marke  Valley  \ — wrought  in  the 
granite  or  in  the  slate  adjoining  it, — afford  iron-ore 
of  dark-brown  —  occasionally,  indeed,  of  blackish  — 
hue,  scattered  through  hard,  massive,  though  fre- 
quently cavernous,  quartz,  and  mixed — downward 
especially  —  with  chlorite.^  In  a  matrix  of  this 
character,  these  (N.)  lodes  have — perhaps  for  ages** 


*  "  Flaor-apar«  found  plentifully  in  most  of  the  louthern  lodes,  hat  nerer 
been  seen  at  the  Phcnniz  Mines." — Wbbb  &  Gsacb,  Hittory  and  Progreta  of 
Mining  m  the  Caradon  and  Liakaard  Diatrietf  p.  28. 

t  Ibid,  pp.  28^30.    Allen,  Bittory  of  Liaksard^  p.  895. 

t  Ante,  pp.  657,-69,  Tahle  XXT. 

i  Ibid,  p.  668. 

g  ibid,  pp.  659,— 67,— 71,  Table  XXVI. 

If "  At  the  Stow's  Mine  West,  the  lode  .contained  towards  the  surface  immense 
masses  of  highly  ferruginous  gossan,  becoming,  however,  as  it  approached 
Clanaoombe  Mine  [B.],  less  impregnated  with  iron  «  «  «  .  In  depth  the 
matrix  is  generally  composed  of  blue  capel,  carrying  a  leader  of  quarts  and  iron 
«  «  «  .  There  is  a  little  chlorite."— Wbbb  &  Obach,  Hu^ory  and  Progreaa 
of  Mining  in  ih$  Caradon  and  Liakeard  Diatriei,  p.  80. 

*'  A  Scovan  lode,  is  found  of  hard  compact  crystalline  Stone,  either  of  a  brown 
or  black  hue,  according  to  the  colour  of  the  Tin  with  which  it  is  mixed.  %  %  % 
Sometimes  the  Scotsu  tin  lies  in  a  less  solid  Lode,  which  is  caTcmous  and  f^ll 
of  holes,  thence  called  a  Sucked  Stone  by  the  Tinners." 

P&TCB,  Minaralogia  ComMenaia,  p.  90. 

Henwood,  ComtoaU  Qeol,  TVaiw.,  ▼.  pp.  226—8. 

**  '*  North  Phanix  4k  ♦  ♦  was  worked  by  the  old  men  about  150  years  ago 
for  tin."— Wbbb  &  Obach,  Hiatory  and  Progreaa  of  Mining  in  iha  Caradon  and 
Liakeard  Diatrid,  p.  57. 
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yielded  an  abundance  of  tin-ore.*  Softer  and  lighter- 
coloured  varieties  of  iron-ore,  mixed  with  granular 
quartz,  are  impregnated  with  earthy  black  copper-ore, 
the  red  oxide  of  copper,  malachite,  Tamarite,  chryso- 
colla,  vitreous  copper,  and  tile  orcf 

( — 4*)  At  Marke  Valley  %  the  lodes — as  they  tra- 
verse the  slate — cease  to  yield  earthy  iron-ore  within 
short  distances  of  the  surface,  and  thenceforth  consist 
of  quartz,  chlorite,  and  felspar,  mixed  in  various  parts 
with  different  proportions  of  iron-pyrites,  copper- 
pyrites,  and  tin-ore ;  sparingly,  and  at  wide  intervals, 
sprinkled  with  minute  nests  of  earthy  black  copper- 
ore.  A  mere  congeries  of  small  veins  represents  the 
Sarum  lode  on  the  confines  of  the  e/ran-course ;  but 
within  it  they  reunite,  and  the  lode  assumes,  at  least, 
its  previous  width. 


*"  The  [Stow's]  lode — backed  up  to  the  siirfaoe— was  laid  open  bj  the  old 
men  for  about  a  mile  in  length  in  their  efforts  to  discorer  and  raise  tin,  large 
quantities  of  which  thej  returned." — Wbbb  &  Gbach,  Bistory  and  Progress  of 
Mining  in  the  Caradon  and  Litkeard  District^  p.  28, 

"  The  first  [steam]-engine  in  the  liskeard  district  was  [erected]  at  Stowes ; 
but  the  mine  was  stopped  and  the  materials  were  stolen  about  1825." 

ALLBir,  History  of  Liskeard,  p.^427. 

**  About  1886  %  %  %  considerable  quantities  of  low-priced  tin  ore  were  raised 
from  the  Stow's  Mine.  «  «  «  About  [1842]  the  Wheal  Jenkin  lode  afforded, 
above  the  adit,  large  quantities  of  low-priced  tin-stuff." — WBBB&GBiiOH,  History 
and  Progress  of  Mining  in  the  Caradon  and  Liskeard  District^  pp.  28 — 66. 

As  late  as  1851  the  remains  of  at  least  a  dozen  stamping-mills  were  jet  visible 
in  various  parts  of  Caradon-ooombe,  between  ShilstonVgate  and  Marks  VaUey  ; 
in  1867,  however,  most  of  them  had  disappeared. 

t  AnU,  Tables  XXV.,  XXVI. 

X  **  Marke  Valley  was  sunk  «  «  «  to  the  26  [fathom-level],  and  about  1838 
a  small  quantity  of  copper-ore  was  returned."— Wbbb  &  Gbaoh,  History  and 
Progress  of  Mining  in  the  Caradon  and  Liskeard  District,  p.  25. 


AUen,  History  of  Liskeard,  p.  421.    AnU,  pp.  659,«-67,->71,  TaNe  XXVL 
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At  PJueniXy* — in  the  granite,— on  the  contrary, 
the  hde  is  still  charged  with  earthy  iron-ore,  as 
well  as  with  native  copper,  earthy  black  copper-ore, 
malachite,  vitreous  copper,  copper-pyrites,  and  tin-ore, 
to  the  very  bottom  of  the  mine. 

(—4*)  The  outcrops  (hacks)  of  the  more  numerous, 
but  narrower,  lodes^  opened  in  the  S.  slope  of  the 
granite  at  West  Carad(m'\  and  South  Caradon^X  con- 
sist of  soft,  pale  —  and  occasionally  reddish-brown 
iron-ore,^  granular  and  friable  quartz,  granitic  matter, 
chlorite  in  small  quantities,  and  fluor  at  intervals. 
Where  a  cellular  structure  prevails  nests  of  felspar- 
clay,  earthy  black  copper-ore,  and  malachite  are  not 
uncommon;   elsewhere  the  same  vein-stones  enclose 


«  AfUe,  pp.  667,-69,  TahU  XXV. 

t  md,  pp.  661,-70,-1.  T(Me  XXIII. 

X  Ibid,  pp.  661,— 70,— 1,  Table  XXXT. 

\  "  The  discovery  of  gossan  (or  oxide  of  iron)  very  near  the  surface,  in  places 
where  the  ground  was  broken,  on  and  near  the  Caradon  hill,  prompted  the  driving 
of  several  levels  into  the  sides  of  this  and  adjacent  elevations.  They  were  re- 
linquished, however,  by  one  party  after  another  without  success." 

Allbv,  Uiitory  of  Liskdord,  p.  396. 

Phillips  (W.),  Osol  Trans.,  ii.  pp.  117,-26.    Came,  ComwaU  Geol,  Ihms., 

II.  p.  122.    Fox,  Reports  of  the  Royal  ComwaU  Polytechnic  Society^  it.  p.  B6. 

Ansted,  Quarterly  Journal  of  the  OeoL  Society^  xii.  p.  149  ;  xiii.  pp.  24^, — 
49.-61. 

"  The  Tender  Red  Gossan  is  very  much  inclined  to  produce  Copper-ore,  especi- 
ally if  the  Gossan  be  spungy,  cellular,  and  of  a  very  red  colour,  like  to  a  well- 
burnt  brick.  When  it  is  thus,  and  spotted,  or  tinctured  with  green  Copper-ore, 
like  pieces  of  Yerdigrease,  it  does  not  often  deceive  the  proprietors.  So,  like- 
wise, Stones  of  blue  or  black  Copper-ore,  or  of  yellow  ore  having  a  blaok  or 
purple  outside,  are  very  hopeful  to  follow  when  mixed  with  this  Gossan.*' 

P&TCB,  Mineraloffia  Comubiensis,  p.  88. 

"  The  lodes  which  yield  copper-ore  in  granite  almost  always  contain  gossan 
near  the  surface,  and  it  usually  continues  to  somewhat  greater  depths  than  it 
does  in  slate."— Hbnwood,  Cornwall  GeoL  Trans,  ▼.  p.  227. 
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also  small  shapeless  bunches  of  vitreous  copper,  copper- 
pyrites,*  iron-pyrites,  and  mispickel;  and  masses  of 
native  metal,  encrusted  with  crystals  of  ruby-copper, 
and  invested  with  earthy  black  copper-ore,  are  of 
casual,  but  less  frequent,  occurrence. 

(—4^  In  the  deeper  parts  of  both  mines  quartz, 
felspar,  chlorite,  and  occasional  masses  of  granite,  are 
still  the  chief  ingredients ;  but  earthy  brown  iron-ore 
— although  yet  observable  here  and  there — is  less  plen- 
tiful than  it  had  previously  been,  whilst  fluor— on  the 
contrary — is  much  more  abundant.  The  proportions 
of  vitreous  copper,  earthy  black  copper-ore,  and 
malachite  decline  at  the  same  time ;  and  ruby  copper 
as  well  as  the  native  metal — still  dwindling  as  the 
depths  increase — at  length  disappear;  in  copper- 
pyrites,  however, — as  in  fluor — the  deepest  parts  of 
the  lodes  are  the  richest.  Whether  at  smaller  or 
greater  depths  these  (S.)  lodes  give  little  or  no  tin-ore. 

It  appears,  therefore,  that  the  lodes  of  Stowes, 
Phcsnix,  South  Phenixy  Dunsley  Phosnixy  and  Marke 


*  "  Dark  grey  crystals  of  copper-glance  are  often  deposited  on  low  six-sided 
prisms,  which,  in  respect  to  form  entirely  agree  with  that  species.  Their  surface, 
however,  is  never  perfectly  smooth.  On  breaking  them  they  do  not  present  a 
uniform  appearance  ;  generally  the  portions  nearest  the  surface  consist  of  the 
reddish  metallic  substance  of  variegated  copper,  whilst  the  rest  possess  the  grey 
colour  and  conchoidal  fracture  of  copper-glance.  %  %  %  On  breaking  the  six- 
sided  prisms  here  alluded  to,  I  found  a  stratum  of  copper  pyrites  contiguous  to 
the  surface,  whilst  the  rest  consisted  of  variegated  copper.  %  %  %  The  speci- 
men [was]  covered  with  black  pulverulent  oxide,  but  the  surface  of  another  waa 
perfectly  bright.  %  %  %  These  changes  can  be  explained  upon  the  supposition 
that  the  copper  contained  in  the  original  species  has  been  replaced  by  iron,  in  a 
smaller  quantity  however,  as  every  particle  of  iron  required  twice  the  quantity  of 
sulphur  to  be  converted  into  protosulphuret  in  the  variegated  copper,  and  four 
times  the  quantity  for  that  portion  of  it  in  the  state  of  copper  pyrites.'* 

Haisimqbk,  Edinburgh  Journal  of  Science,  tii.  pp.  131—2.  (Abridgsd.) 
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Valley  (N.  of  the  Caradon  granite*)  have  afforded — 
beside  copper  and  several  of  its  ores, — large  quantities 
of  tin-ore,*  but  contain  no  fluor :  f  whilst  the  lodes 
of  West  Caradon ;]:  and  South  Caradon  §  (S.  of  the 
Caradon  granite)  have  yielded  copper,  copper-ore,  and 
fluor  in  very  great  abundance;  ||  but,  notwithstand- 
ing the  immediate  vicinity  of  stanniferous  granite  at 
Gonamina  ^ — they  give  little  or  no  tin-ore.** 

( — 6)  The  joints  of  one  well-developed  series  ft 
have  the  same  directions  as  many  of  the  lodes^XX  ^^^ 
often  traverse  them  lengthwise;  not  uncommonly, 
indeed,  the  same  lode  is  thus  divided,  by  several  such 
undulating  joints  into  several  subordinate  veins,  combs^ 
or  slices,  of  unequal  thickness.  §§     This  structure, 

*  Ante,  p*  676. 

t  Webb  ft  Geftoh,  Hiflofy  ami  iVoyivM  of  JtfmtRjr  m  (A«  Cor^^ 
DitMet,  p.  28.    AnUf  p.  676,  Note  « ;  pp.  676—7. 

{iUfiip.  678,Notet. 

i  IHd,  Note  t . 

I  Ibid,  pp.  678—9. 

If  Ibid,  ppb  664—5. 

**  **  Ainri  tous  les  amaa  staimif^res  conniiB  eont  ceimctdrisA  par  la  presence  da 
fluor :  la  proportion  de  cette  Eubstance  est  souvent  considerable,  se  on  la  com- 
pare, non  au  Tolume  total  de  ramaa,  mais  4  la  quantity  d*6tain  qui  se  tronve 
dans  ces  gites." — ^Daubr^s,  AnnaUt  du  Mines,  8me  S^rie,  xx.  p.  101 ;  Ibid, 
4me  S^rie,  xti.  pp.  130—7. 

tt  Ante,  p.  678. 

Jt  Ibid,  p.  674. 

{{  Pryoe,  Jftnenifa^ui  Ccrmibie$ui$,  p.  96.  Werner,  New  Theory  of  tko 
Formation  of  Veine,  pp.  83,-7.  Phillips,  (W.)  GeoL  TWdu.,  n.  p.  138. 
Thomas,  R^)ort  on  the  Mining  District  from  Chasewater  to  Camborne,  pp.  19— > 
20.  Came,  CornwaU  Oeol.  Trans.,  XT.  p.  120.  Fox,  A^poH  of  the  Royal  Com'- 
watt  Poiyteehnie  Society,  iy.  pp.  85,-9.  De  la  Beche,  Report  on  the  Oeology  of 
CornwaU  and  Devon,  &c.,  pp.  839—45.  Henwood,  CormoaU  Oeoi,  I^ram.,  ▼. 
p.  232 ;  Ante,  pp.  418,-83,  648. 
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however,  seldom  extends  beyond  limited  portions  of 
the  lodes;  for — as  in  the  rocks — after  comparatively 
short  ranges,  the  joints  gradually  disappear.  Some- 
times each  subordinate  or  constituent  vein  is  cliaracter- 
ized  by  certain  peculiarities  of  composition  or  arrange- 
ment; still,  every  lode  has — so  to  speak — a  distinctive 
physiognomy  of  its  own.* 

Many — but  especially  the  shallower  and  the  poorerf 
— parts  of  most  lodes  abound  in  (mighs)  cavities  lined 
with  crystals  of  quartz,  which  are  often  encrusted  with 
ruby  copper  and  virgin  metal,  where  the  Country  is 
granitic;  but  more  frequently  with  iron-pyrites  and 
copper-pyrites  when  it  is  of  schistose  structure. 

(y — 1)  The  cross'courses — maintaining  much  the 
same  direction  as  one  well-pronounced  series  of  joints^; 
—range  from  6**  E.  of  N.— W.  of  S.  to  24°  W.  of  N. 
— E.  of  S.;  and,  on  an  average,  bear  13°  W.  of  N. — 
E.  of  S.§ 


*Henwood,  Comwail  Geol.  Trans.,  y.  pp.  208;  AniBy  p.  89. 

t  Henwood,  Edin.  Neio  Phil,  Journal,  xxii.  pp.  157,-271 ,  Annals  of  Elec' 
tricity,  i.  p.  125;  Annates  eUs  Mines,  zi.  p.  587;  Corntoall  Geol,  Trans.,  t.  p. 
195. 

X  Ante,  p.  673. 

*'^^/f  ?>f!!lii?ri°^  [  ''^  t^>e  Saint  Just  district  is  20*»  N.  of  E.-S.  of  W., 
01  toe  crosS'Vetns  y  ' 

„  „    Saint  Ives  „  38°  S,  of  E.— N.  of  W., 

„  „    Marazion  „  41°  S.  of  E.— N.  of  W., 

„     Gwinear  „  43°  W.  of  N.— E.  of  S., 

Hclston  „  21°  S.  of  E.— N.  of  W., 

,.     Camborne  „  34°  W.  of  N.— E.  of  8., 

Redruth  „  35°  S.  of  E.— N.  of  W., 

„  „     Saint  Agnes  „  39°  W.  of  N.— E.  of  S., 

„  „    Saint  Austell  „  21°  S.  of  E.— N.  of  W., 

II  ft     Callington  &  I  .„o  a  „f  -p  _x  „*  w 

Tavistock    }    "        *^    S.  of  E.-N.  of  W.. 

the  average  of  the  whole  being 38°  S.  of  E.— N.  of  W. 

Hbmwood,  Comwail  GeoU  Trans.,  t.  p.  279, 

Sb 
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( — ^2)  The  cross-courses — more  highly  inclined  than 
the  lodes,*  dip,  on  an  average,  just  80''  from  the  hori- 
zon ;  and — like  the  lodes  on  both  sides  f — underlie 
towards  the  great  body  of  granite,  j: 

( — 3)  The  cross-courses,  which  are  rather  broader 

than  the  hdes,^ — as  well  in  this  neighbourhood  as  in 

other  mining  districts  of  the  W.|| — vary  from  24  feet 

to  0*6  foot,  and  average  4*6  feet  in  width. 

( — 4)  The  cro^^-cotcr^e^-partaking,  in  some  measure, 
the  nature  of  the  formations  they  traverse — consist  of 
granitic  matter  when  in  granite,^  and  of  elvan  when 

in  elvan ;  but — differing  in  this  respect  from  the  lodes, 

which  contain  larger  proportions  of  quartz** — they 

are  usually  more  felspathic  than  the  (Country)  rocks. 

Moreover,  in  the  positions  of  the  crystals  of  felspar 

they  include,  there  seems  an  occasional  approach  to 


*  *<  To  whatever  point  the  orou-^ouraeM  maj  incline  the  amount  of  their  in- 
clination is,  on  the  whole,  considerably  greater  than  that  of  the  Axfet,  and,  on 
an  average,  is  probably  little,  if  at  all  less,  than  80**,*' 

Hbnitood,  ComwaU  Oeol,  TVtivw.,  ▼.  p.  277. 
Ante,  pp.  408,  526—7. 

t  llnd,  p.  676. 

♦  "  In  166  examples,  76  (0-46)  dip  towards,  )  ,  . 

61(0-37)    „   from,       }  «*»«  8^ *»"«, 

and  there  are    29  (0*17)  doubtful  cases." 

Hbnwood,  ComwaU  G^oi.  Tram.  ▼.  p.  277. 
{  Ante,  p.  676. 

||In  the  districts  of  Saint  Just,  Saint  Ives,  Marasion,  Gwinear,  Helston, 
Camborne,  Redruth,  Saint  Agnes,  Saint  Austell,  Callington  and  Tavistock  the 
eross-oouraea  range  from  0*8  foot  to  19  feet,  and  average  4*03  feet  in  width. 

Hbnwood,  ComwaU  Oeol,  Trane.,  T.  Table  CIV. 

If  **  In  the  granitic  tracts  many  of  the  eroee-veina  consist  almost  entirely  of 
granitic  matter ;  this  is  commonly  in  a  state  of  disintegration,  and  often  con- 
tains much  more  felspar,  and  occasionally  more  mica  also,  than  the  contiguous 
rocks."— 76u;,  p.  262. 

••  AfUe,  p.  676. 
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uniformity.*  They — like  the  forfe*— occasionally  en- 
close masses  (horses)  of  the  rocks. 

( — 6)  Every  cross-course  is  traversed  by  numerous 
longitudinal  joints^f  of  which  the  flexures  and  con- 
sequent intersections  divide  it  into  lenticular  masses 
and  subordinate  veins  of  unequal  widths. ;{;  Such 
joints  mostly  present  glossy  faces  of  clay ;  which,  even 
within  short  distances,  are  often  marked  with  uncon- 
formable striae,  and  on  the  opposite  sides  of  the  self- 
same masses  and  veins  are,  sometimes,  thus  scored  in 
contrary  directions.^ 

In  all  parts  of  this  district  the  cross-courses  have  a 
W.,||  and  the  lodes — with  but  one  exception — a  N.,^ 
dip. 

All  (dlBplacements)  heaves,  at  the  intersections  of  the  lodes  by 

the  first**  and  third  ft  cross-courses"! 

(counting  from  the  W.),  are — saveUowarda  the  (B.)  right-hand ;  |t 

in  a  single  instance    j 

*  Henwood,  ComwaU  Geol  Drans,,  y.  p.  262. 

t  AnUf  p.  680. 

}  "  One  of  the-most  remarkahle  features  in  the  structure  of  cross-veins  is  the 
preyalence  of  joints ;  varying,  however,  in  direction  and  dip,  but  preserving 
certain  limits ;  so  that,  whilst  they  intersect  each  other,  their  curvatures  seem 
projected  on  the  same  lines,  which  are  in  fact  the  directions  of  the  cross-veins" 

Hbnwood,  Cornwall  Geol,  TVatw.,  T.  p.  260, 
Ante,  pp.  13,  Fig.  2;  648. 

{  *'  On  the  eastern  side  of  Tregoning-hill  the  faces  of  the  joints  in  the  granite 
are  irregularly  striated,  like  those  of  slickensides  on  the  toalls  of  many  lodes,** 

Hbnwood,  Cornwall  Geol.  Trans.,  T.  pp.  53, 172,-81—2. 

Ante,  pp.  13, 469,  562—3,  654,-64. 

I  Uid,  p.  682. 

If  Ibid,  p.  675. 

**  The  cross-course  in  West  Caradon,  Table  XXIIl, 

ft  The  Little  W.  cross-course  in  South  Caradon,  Table  XXIV. 

Xt  Pryce,  Mineralogia  Comvbiensis,  pp.  98—9.  Thomas,  Survey  of  the  Mini9ig 
District  between  CMasewater  and  Camborne,  p.  22.    Ante,  p.  183,  Note  f. 
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those  at  intersections  by 

eyery  (displacement)  heave,  however,  is         „  side  of  the  (G.A.} 

greater  angle.} 

But  intersections  are  not  in  all  cases  accompanied 
by  (displacements)  heaves,  for  in  33  instances 

3  (or  0-11  of  them)  the  erou-couraei  simply  cut  through,)  x^^     ^x^    iatUm -A 

without )  "^''^^9  «*  toass;^ 

14  (  „  0'41        „      )  the  heavee  were  towards  the  (B.)  right-hand;  {  and 

16(,.0«48        ,.      )  „  •         „  (LJ  left-      „    .§ 

The  average  extent  of  the  heaves  is about  13*0  feet;  | 

those  towards  the  (R.)  right-hand  are     „     11*1  >t     ;| 

(L.)  left-     „  „     13-7  „     .e 


>t 


ti 


ft 


The  cross-courses — as  already  mentioned- 


•  The  Great  croee-courte  in  South  Caradon,  Table  XXIV. 

t  The  Middle  croee-courae  v        t         n 

}iln<e,  p.  683,  Mote  U* 

{ The  following  columns  show  the  results  of  the  intersections  of  btdea  by 
eroes-ooureea  in  the  W.  districts  generally : — 

Btaee$. 

-■      -  A.  -^         - 


MettHlferouB  chsracter 
of  lodet. 


Copper  hdee    .... 

JLodea  yielding  both 

copper  Ic  tin  ores   . . 

Tin  lodes 

Means  •..•• 


Simple 
interBecUoDB 

Right-hand 

Left-band 

(L.) 

0-177 
0-372 

0180 
0-227 

0-624 
0-440 

0-660 
0-611 

0-298 
0  186 

0-260 
0-262 

Greater- 
angle  (G.A.) 


0-742 
0-560 

0-620 
0636 


Smallar 
angle  (S.A.) 


0088 
0  068 

0-300 
0129 


HzicwooD,  ComwaU  Geol.  Trans^  t.  pp.  286—7 ;  Ante,  pp.  128 — 9. 

B  In  the  other  W.  districU 

the  mean  distance  of  the  heaves  of  all  the  lodea  is • 16*4  feet 

towards  the  right-hand    18-7    „ 

left-     12-0    „ 

greater  angle     16*3   „ 

smaller    „        ....••..  17-1    „ 

Ibid,  p.  287. 
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feet  fret 

ni«nUin,on.thewhole.ame«.widthof  *-6.»»{'"'*„*:,^''^,J^J{   13  0;  t: 

tliose  of  them,  however, 
which  exceed  the  mean, 

preserve  (amongst  themselves)     „        10*6,  t  u  20*1 ;  % 

-whilst  such  as  fall  short 
of  the  mean, 

jnetLBMie  (iniersej  ,.••  »  „  2*7, t  .,  10*1. { 

The  widths  of  the  cross-courses^  and  the  extent  of 
the  heaves  which  attend  them,  at  different  depths,^  are 
shown  in  the  following  columns; — 


Depths, 
fax. 

Crost^ourtu. 
Widths,— feet. 

Heaves, 
Extent,— feet. 

Surface  to    80 

80    „  100 

6-4. 
41 

13-8 
12-0 

(g — 1)  The  Great  Spar-course  which,  in  South 
Caradon,  bears  20'— 24'  W.  of  N,— E,  of  S.,  is  nearly 
perpendicular,  measures  between  two  and  three  feet  in 
width,  and  consists  of  quartz  mixed,  occasionally,  with 
earthy  red  iron-ore,  intersects,  but  does  not  (displace) 
heave  the  Great  cross-course.^ 


•  Ante,  p.  682. 

t  Ihid,  p.  684. 

%  The  average  distance  of  the  Heaves  by  eroes'Veine 

less  than  1  foot  wide,  is 12*5  feet; 

more  than  1  foot  wide, 23*0  „     . 

HBNinrooi),  Cornwall  GeoU  Tram.,  v.  p.  298. 

§  Throughout  the  other  W.  districts 

the  mean  distance  of  the  heaves  of  lodes  is •  • 16*4  feet 

at  less  than  100  fathoms  deep  they  are  heaved 15'3 

„more   „    100  fathoms     „  „  17*2 

The  mean  breadth  of  the  cross-veins  at  less  than  100  fathoms  deep  is    3*9 
„  „  more  than  100    „  „         4*4 

Ibid,  p.  306. 

I  "  At  Pottadras  Downs  the  eastern  (vein  of  cla,y)fluean  intersects  the  quarts- 
ose  eross-eoursSf  but  occasions  no  (displacement)  heave" 

Ibid,  p.  295,  Table  XLV. 
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No  slide  has  been  observed  in  the  district.* 
Notwithstanding  the  extent  of  early  tin-miningf  in 
the  district, — that  the  springs  which  have  supplied 
water  for  household  use  now  yield  considerable  pre- 
cipitates of  copper,;]: — and  that  copper-mines  had  been 
so  long,§  so  largely,  and  so  profitably  wrought,  as 


*"The  slides,  hitherto  obseryed  ♦  «  «  iotenect  only  the  achistose  rocki 

and  the  elvans,  and  other  veina  traveraing  them ;   whilat  there  ia  not  a  aingle 

well-marked  inatance  of  a  slide  in  the  granite,  or  the  maaaive  rocka  of  the  alate 

formation,  jet  known  in  anj  part  of  Cornwall." 

Hen  WOOD,  Comtoatt  GeoL  Drans.,  ▼.  p.  282. 
t  Anie,  pp.  676—7. 

}  "  The  water  which  now  givea  a  remnneratiTe  precipitate  of  copper,  was 
formerly  drank  by  the  people  of  Crow'a-neat.  #  #  «  .  The  iron-work  of  the 
pump  which  auppliea  my  houae,  ia  covered  with  precipitated  copper." 

JoHX  Tatlob,  Esa.,  Pnraer  of  Craddock  Moor,  M88.    Ante^  pp.  685,-92. 

{  The  following  atatementa,  of  writera  on  early  copper-mining  in  Cornwall, 
can  acaroely  be  read  without  intereat. 

(1)  *'  Copper  ia  found  in  aundrie  placea,  but  with  what  gaine  to  the  aearehers, 
I  have  not  been  curioua  to  enquire,  nor  they  haatie  to  reueale.  For  at  one  Mine 
(of  which  I  tooke  Tiew)  the  Owre  waa  ahipped  to  bee  refined  in  Wales,  eithei  to 
aaue  coat  in  the  fewell,  or  to  conceale  the  profit/* 

Cakiw,  Swv&y  of  Cornwall  (1602),  p.  6. 

(2)  In  Kea  "  the  waate  land  of  [Blanchland]  ia  not  only  abounding  in  tin  and 
tin  minea,  but  for  about  twenty  yeara  laat  paat  hath  yielded  ita  owner  about 
twenty  thouaand  ponnda  out  of  ita  copper  minea,  t^ugh  the  «  «  «  land  in 
which  it  ia  found,  ia  in  many  placea  acarce  worth  eighteenpence  per  acre.'* 

Hals,  Parochial  History  of  Cornwall  (1686—1736,  Edited  by 
Daties  GiLBBBT,  D.C.L.,  P.E.b.),  II.  p.  300. 

(3)  **  Within  theae  aizty  yeara,  Copper  haa  turned  to  very  great  account  in 
thia  county ;  and  there  haye  been  very  great  diacoveriea  made  therein,  both  in 
the  eaatern  and  weatern  parta  of  it,  which  have  produced  moat  of  the  ▼arieties 
of  ore  found  in  Sweden,  Germany,  Hungary,  and  elaewhere :  auch  as  Yellow 
(which  ia  the  moat  plentiful  and  common  of  any).  Green,  Blue,  Black,  Aah- 
colour,  and  Solid  ore.  #  #  #  Thia  variety  of  orea,  and  great  increaae  of  the 
minea,  haa  occaaloned  the  aettlng  up  of  aix  aeveral  companiea  for  buying  of  the 
ore.*'~ToMKiN,  Parochial  History  (1702—33).  Cabbw,  Survey  of  Comtoatt, 
Edited  by  Lobd  Db  Dunstantillb,  p.  21. 

( — a)  **In  [Kea]  pariah  Ilea  the  eztenaive  manor  of  [Blanohand]  «  «  « 
which  within  theae  fifty  yeara  brought  [the  family  of  Boseawen]  more  money  for 
copper  than  almost  all  the  other  minea  in  the  county  together,  if  the  last  fifty 
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well  on  both  sides  of  the  Tamar,  as  in  many  parts 


jeart  are  excepted,  during  which  time  great  discoveriee  have  been  made  in 
▼arioos  other  places." 

Tonkin,  Parochial  History  (1702—83,  Edited  by  Daviss  Oilbbst« 
D.C.L.,  P.R.S.),  11.  p.  802. 

(4)  **  Being  sollicited,  about  twenty  years  since,  to  make  a  collection  of  Cornish 
fossils,  for  Dr.BoerhaTCi'Dr.  J.F.  OronoTiu8,Dr.  Linneeus,  and  the  late  Dr.  Isaack 
Lawson,  then  at  Leyden,  and  finding  the  natural  products  of  this  County  much 
commended ;  and  being  also  frequently  employed  afterwards  in  the  same  office, 
I  became  more  and  more  fond  of  collecting,  till  my  specimens  tempted  me  more 
narrowly  to  inspect  and  describe  them.  *  4r  4r 

"That  ore  [of  copper]  which  is  most  common  is  of  a  yellow  brass-colour; 
•  4r  4r  and,  according  to  the  quantity  of  the  barren  stone  intermixed,  sells 
from  fire  to  fifteen  pounds  per  ton  *  *  *  . 

*'  Of  the  green  coppers,  some  are  as  light  as  a  feather,  being  mere  cnruffo,  or 
verdigris,  some  more  solid  and  stony  «  4r  4r .  There  is  also  a  fiaky  kind  of 
close  contexture,  sometimes  cohering  in  tubes  as  it  drops  4r  4r  4r  • 

*'  I  have  likewise  a  blue  earth  of  an  extremely  fine  and  small  grit  4r  4r  4r  • 
*'  The  grey  ore  is  often  prettily  spotted  with  yellow  and  purple,  but  the  more 
of  this  mixture  the  less  is  its  value.    When  it  is  of  an  uniform  lead  colour 
throughout  it  is  richest,  and  contains  a  great  deal  more  metal  than  the  yellow  or 
green,  being  worth  between  fifty  and  sixty  pounds  |9er  ton. 

**  Copper  appears  sometimes  as  a  blue-black  earth  ^  it  it , 

"  The  red-ore  mixed  with  glassy  speckles  (the  crystallized  salts  of  this  metal) 
is  called  the  fire-ore  «  *  4r  . 

**  The  most  perfect  copper,  from  which  the  before-mentioned  are  only  so  many 
inferiour  and  different  removes,  is  the  Malleable  (from  its  purity  called  in  Corn- 
wall the  Virgin-ore)  which,  in  small  quantities  at  least,  is  found  in  all  the  most 
eonsiderable  copper-mines. 

A  "  hopeful  discovery  "  in  the  Pool-mine  was  at  twelve  fathoms  from  the  sur- 
Uce  near  the  "  black-ore  shaft" 

**  About  sixty  years  since,  some  gentlemen  of  Bristol  made  it  their  business 
to  inspect  our  mines  more  narrowly,  and  bought  the  copper  raised  at  N'uun-vian 
in  Piranuthno,  and  at  Mr.  Ustick's  works  in  St.  Just  for  two  pounds  and  ten 
shillings  per  ton,  and  scarce  ever  more  than  four  pounds  per  ton.  It  must  be 
observed  that  the  yellow  ore,  which  now  sells  for  between  ten  and  twenty  pounds 
per  ton,  was  at  this  time  called  poder  (that  is,  dust)  and  thrown  away  as  mundio. 
[Their]  gains  it  it  it  encouraged  other  gentlemen,  about  forty  years  since,  not 
only  to  buy  copper  at  a  low  rate,  but  to  engage  as  adventurers  in  some  old  mines ; 
and  at  this  time  Mr.  John  Costar,  a  gentleman  well  skilled  in  metals,  and  par- 
ticularly knowing  in  mechanics  and  hydraulics,  undertook  it  it  it  to  drain  some 
considerable  mines :  he  taught  the  people  of  Cornwall  also  a  better  ^y  of  assay- 
ing and  dressing  the  ore.  Here  we  may  date  the  advance  of  the  price  of  copper 
and  improvement  of  copper-mines  •  •  •  , 
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of  Western  Cornwall;    it  was  not  until  1835 — 40, 


«« 


The  first  and  greatest  copper-mines  which  have  turned  out  considerable 
profits  within  these  forty  years,  are — Chaee- water,  in  the  parish  of  Kenwyn  • 
North  Downs,  in  Reddruth ;  Huel-rfts,  in  St.  Agnes ;  Dalcooth,  Bullen-garden, 
Entral,  Longclose,  Roskaer,  and  Hnel-kitty,  in  Camborne ;  Hael  Fortune,  in 
Ludgvan*  the  Pool,  in  lUogan  i  Metal-works  [United  Mines]  and  Trejnvian,  in 
Owenap;  Binner  Downs  and  Clowance  Downs,  in  Crowau;  Huel-cock  and 
Rosmoran,  in  St.  Just;  and  Herland  mine  in  Gwinear.  But  the  greateat  and 
most  sudden  gain  %  %  %  was  that  of  Huel-virgin,  in  Owenap,  in  July  and 
August,  1757.  In  the  first  fortnight's  working,  it  threw  up  copper  sold  for  five 
thousand  seven  hundred  pounds ;  in  the  next  three  weeks  and  two  days,  as  much 
copper  as  sold  for  nine  thousand  six  hundred  pounds :  to  raise  the  first-mentioned 
quantity,  it  cost  the  adventurers  no  more  than  one  hundred  pounds  [less  than 
four  pence  farthing  in  the  Pound] ;  to  raise  the  second,  a  trifie  more  in  propor- 
tion to  the  quantity  %  %  %  ,  The  Lords  dues  are  generally  one-fifth  part  of 
the  whole  produce  clear  of  all  ezpence,  never  less  than  one-eighth  clear  *  *  * ." 
BoRLASB,  Natural  History  of  Cornwall,  pp.  168—9,  197—8, 205—6 ; 
PL  XVIII,  Fiff  1. 

(—a)  "About  [1760]  one  Mr.  Swaine  built  a  furnace  or  two  [near]  the  great 
Copper  works  in  Camborne  about  half  a  mile  north  of  the  Churchtown  in  order 
to  run  the  poorest  copper  ore  (value  6  shillings  pr  ton)  into  a  Regulus,  aiming 
at  nothing  farther :  for  this  purpose  he  brought  all  his  Pitcoal  on  horseback  from 
Heyl  cellars  near  seven  miles  off  •  •  •  .  This  humble  plan  [was]  pursued 
with  success  for  some  years." 

Bo&LABB,  Natural  History  of  Comtoall  (Emendations  and  additions  by  the 
Author,  in  preparation  for  a  Second  Edition.  From  a  copy  in  the  possession  of 
Frederick  Martin  Williams,  Esq.,  M.P.,  F.G.S.,  of  Ooonvrea).  Journal  of  the 
Royal  Irutituiion  of  Cornwall,  i.  (1866),  Supplement,  p.  32. 

(5)  '*  Though  the  richness  of  our  Copper  works  is  not  a  late  discovery,  yet  it 
is  not  a  hundred  years  that  the  knowledge  of  working  them  to  good  effect  hath 
been  understood  «  *  4r  . 

**  Native  copper  is  frequently  found  in  our  mines,  near  the  surface,  or  com- 
monly but  a  few  fathoms  deep  •  •  •  . 

'*  Wherever  Copper  is  found,  there  is  always  green  or  blue  Vitriol  •  •  •  . 

*•  The  Stalactitical,  is  generally  of  a  brassy  colour ;  and  so  is  the  blistered 
buttony  Ore  •  •  «  .  Filagree,  Laced,  Machacada  Copper,  is  the  precipitation 
of  Copper  on  the  laminsB  of  Oossan  •  •  •  . 

"  Oreen  Copper  Ore  is  very  rare  in  Cornwall.  Blue  Copper  is  seldom  met 
with. 

'*  Oray  Copper  Ore  is  one  of  the  richest  sorts  in  this  county;  and  will  produce 
the  greatest  quantity  of  Metal,  of  any  Copper  Ore.  Gray  Ores  are  generally 
the  heaviest  of  all;  •  «  •    they  must  be  dressed  by  sorting  and  sising  them,  &c. 

"  Black  Copper  Ore,  of  a  bluish-black,  is  also  very  rich.  This  is  either  solid  or 
sandy  «  •  «  .    It  is  so  light,  that  it  will  not  bear  the  usual  dressing  by  water ; 
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that   copper   was   sticcessfuUj  worked   od    both    the 


bat  ii  gcncrUlj  griddled  out  iDd  put  to  tht  pile  for  nle,  bi  it  ritci  horn  tbe 
HiDe.  Being  in  tliii  oondition,  it  pu-takei  of  Hundlok,  Oouas,  Earth,  and 
Crratal,  an  iargelf,  Ibat  th<  intrii»ick  value  of  tbe  Ore  will  be  carried  off  with 
it.  It  i*  xUd,  that  fanserlj  Kveral  thoQaand  poandt  wortb  or  ibi«  Ore  wu  thti> 
washed  into  the  riTen,  and  discharged  into  the  aea  frooi  tba  old  Pool  Hloe, 
Thh  kind  or  Ore  in  the  Lode  i>  oftentimet  id  fair,  that  it  may  be  raiaed  and 
dreeaed  fit  for  emeltlDg  at  the  rate  or  a  abilUDg  out  of  the  pound,  in  tbe  price  it 
■ella  for  \  atj  «  it  «  manj  acare  toaa  [were]  railed  out  of  North  Downs  Hlne 
at  MipeDce.  This  Ore  geaerally  lies  shallow;  snd  scTentr  jests  ago,  wheik 
copper  wa*  not  searched  for  snd  little  known  amongst  us,  the  Tioneis  threw  it 
Into  the  rirers  ai  refuse,  bj  the  nsma  of  Foder,'  which  ugnifles  dust,  Uundic, 
or  vBste.  After  it  became  well  known,  and  was  wrought  tor  Mie,  it  seldom  ei- 
eceded  £3  ■■  \Dt.  ■■  Od.  per  ton  for  sercral  jears,  while  there  were  but  one  or  two 


"  Of  jellow  Copper  Ore  I  ban  obserred  font  aarte.  The  first  is  found  shallow 
unong  bisek  Ore,  it  *  «  snd  It  can  be  scraped  into  yellow  dust  of  a  rich  ap- 
pearance. The  second  is  fine  gold  coloured  flske;  Ore,  *  *  *  [worth]  fiom 
£12  to  £\6  per  ton  ■  •  •.  Tbe  third  is  a  perfeot  brsse  solonred  Ore,  and  is 
reckoned  the  best  colour  of  anj  Tor  its  continuance  in  the  Mine :  *  *  •  al- 
though the  ralDB  maybe  not  more  than  rrom  £7  to  £10  per  ton  •  *  *.  The 
foDTth  and  deeper  Copper  Ore  is  a(  a  pale  fellow,  pieltj  much  corrupted  witlt 
Mnadick,  and  of  an  inferior  price,  being  from  £1  to  £6  per  ton.  •  •  • 

"  Even  bomt  leaWagB  of  Tin  are  often  oontiderabl;  Taluable,  eapeoiallj  If 
they  are  cnpreons ;  and  even  tbe  poorest  bring  ten  or  twenty  shillings  per  ton. 
AU  bnrat  leavings,  till  tbe  year  1735.  were  esteemed  good  for  nothing.  But  in 
that  year  Mr.  Morgan  Bevan  an  old  experienced  assayer  [haTing]  assayed  a 
aampis  of  three  tons  found,  to  his  surprise,  that  he  could  give  seven  pounds 
four  shillings  and  sixpence  per  ton  for  thecal  and  presently  af let  he  bought 
eereral  panels  more  of    the  principal  Tin  dressers.     From  that  time  burnt 

a  "  Tbe  reftiBe  asd  lesrliifi  from  tfae  ttsnplDf-Bitlh 
Anm  to  lovsr  frooDds,  sod  sflsr  lOpis  ycsrs  If Id|,  d 
Dsisl,  and  jmfsr  (ss  (bey  call  U),  rli.  mund 
adTsniuran."— Tamil',  PannMal  Hutory  (Ciaiw,  B 
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northern  and  soathem  slopes  of  Garadon.    Since  that 


iMTlngi,  impregnated  with  copper,  were  taken  mneh  care  of  •  •  •  •  When 
the  Brase-wire  Company  carried  en  the  great  Tin  ICine  of  Chaeewater.before  this 
diicof  ery  they  cast  away  some  hundred  tons  of  burnt  leaTings,  to  their  great 
prejudice;  hut  since  that  time  there  hare  been  large  quantities  sold  firom  the 
■amemine*  «  «  « 

**  About  fifty  years  back  great  quantities  of  Copper  Ore  were  risen  firom  HncI 
Fortune  In  Ludgran,  Boskear  in  Camborne  and  Pool  Adit  in  Dlngan;  the  pro- 
duce of  which  Mines  were  sold  to  the  few  buyers  at  their  own  price,  %  m  %  tin 
they  were  interrupted  by  a  gentieman  firom  Wales  %  %  %,  who  bought  at  the 
adTaneed  price  of  six  pounda  and  five  shillings  per  ton,  fourteen  hundred  tons 
of  Copper  Ore,  which  had  been  lying  unsold  for  some  years  at  Boskear  and  Hnel- 
Kitty,  and  for  which  the  confederated  buyers  would  giye  only  four  pounds  and 
fiTc  shillings  %  %  %  .  This  new  comer  bought  nine  hundred  tons  more  at 
Boskear  at  seTen  pounds  per  ton ;  and  in  six  months  «  •  •  he  purchaeed 
three  thousand  tons."— -Pbtob,  IftfMnOo^  CornMmuis,  pp.  61—8,  192|  226, 
^80,— 7,— 86*7.  (Abridged.) 

(6)  "  A  century  ago  amongst  the  miners  of  Cornwall,  whaterer  was  net  tin 
was  heedlessly  thrown  aside ;  and  within  that  period,  on  the  disooTery  of  copper 
beneath  the  tin,  It  was  no  uncommon  obserration  that  the  '  ore  came  in  and  spoilt 
it'  It  is  an  undoubted  fact  that  many  roads  in  the  county  were  mended  with 
eopper  ore."— Pkillub  (W.),  Oeoi.  IWwit.  (1814),  n.  p.  141. 

(7)  *'  At  the  commencement  of  the  last  century,  when  yellow  ore  or  pyrites 
lkad.been  long  appreciated,  the  far  more  Tsluable  redruthite,  or  sulphide  of  cop- 
per >as  thrown  as  worthless  rubbish  orer  the  dilEi  of  St.  Just  into  the  Atlantic" 

SxTTK,  ItUrothteiory  L0ciure  to  the  count  of  Minoralogy  and  Mimmg^ 
ot  tho  Mmoum  of  Praetieai  Qoohgy  (1862),  p.  10. 

Although  other  writers  hare  treated  of  this  subject,  their  statements  diibr  lo 
BHghtly  f^om  those  already  glTen,  that  It  aeems  unnecessary  to  quote  them." 

The  following  particulars — collected  from  many  books  and  extracted  from 
iereral  Begisters — supply  some  means  of  judging,  whether  the  principal  writers 
on  early  copper-mining  in  Cornwall,  were  eye-witnesses  of  the  matters  they  haT9 
described,  or  hsTC  founded  their  statements  on  other  eridenee. 

BzoKABD  Cakbw,  Eso.,  wss  bom  at  Antony  in  1566,  and  died  there  in  1620. 
His  **  Smoty  of  ComwaU  "  was  published  in  1602,  but  appears  to  hare  been 
in  prirate  circulation  preriously. 

WzLLiAX  Hals,  Esq.,  was  bom  at  Tresawsen  in  Herther,  in  1668,  and  died  at 
Saint  Wenn  in  1737. 

His  "  CoUoetiont  for  a  ParoeMai  UiMtory  of  ComwaU**  were  commenced 
about  1686  and  brought  down  to  1786. 

Tkgkab  Tokxin,  Esq.,  M.P.,  was  bom  at  Treyannance,  St  Agnes,  in  1678, 
and  died  at  Pol  Gorran,  Oorran,  in  1742. 

BlM  "  Notoi,  iUuttnUivo  of  the  Hittory  and  AnHfmtiM  of  CormoaU,'*  wnt 
eommeaoed  in  1702  and  continued  till  1742, 


Diitrict  in  East  Cornwall.  691 


time^  however,  many  mines  have  been  opened  there 


Thb  Rxtbbbhd  Willtax  Boblasb,  LL.D.,  F.B.S.,  wai  bom  at  Pendeen,  St. 
Just.,  in  1695,  and  died  at  LudgTan  in  1772. 

In  1722  he  waa  tnstitated  to  the  Rectory  of  LadgraUj  and  in  1732  he  waa 
presented  to  the  Vicarage  of  St.  Just.  His  "  Natural  RiMtory  of  Cornwall " 
"wms  published  in  1768. 

[The  Mining  Academy  of  Chemnitx,  in  Lower  Hungary,  was  established  in 
1760;  that  of  Freiberg,  in  Saxony,  was  opened  in  1767.] 

William  Fbtob,  Esq.,  H.D.«  was  bom  about  1720—30,  and  died  at  Redmth 
in  1790. 

His  "  Mineralogia  CofTiti&Miww"—ooinmeneed  about  1751-5— was  pub- 
lished in  1778. 

WiLLTAX  Fhillips,  Ebq.,  FJj.S.,  F.G.S.,  was  bom  in  London  in  1778,  and 
died  there  in  1828. 

His  Memoir  **  Ontho  Veins  ^  Comtoo^"— commenced  in  1800— was  pub- 
lished (Oool.  Drana,^  ii,J  in  1814. 

Joxx  Tatlob,  Esq.,  F.B.8.,  F.O.S.y  was  bom  at  Norwich  in  1779,  and  died 
in  London  in  1863. 

His  article  on  Mining  was  published  in  Rbbb'b  Ctolopjedia,  xxni.  (1819). 

John  Miohbll,  Esq.,  was  bom  at  Calenick,  Kenwyn,  in  1773,  and  died  there 
in  1868. 

His  "  Manual  of  Mineralogy  "  was  published  at  Truro  in  1825. 

Sib  Hbnbt  Thoxab  Db  la  Bbohb,  C.B.,  F.B.8^,  F.O.S.,  Director  of  th^ 
Ordnance  Geological  Surrey,  was  bom  in  London  in  1796,  and  died  theie  in 
1855. 

His  "  Report  on  the  Geohgy  of  Cornwall^  Devomf  and  Wett  Somenel*'  was 

published  in  1839. 

Wabinoton  Wilkinson  Sxtth,  Ebq.»M  JL,  F.RS.,  yj*.O.S.,  is  now (1869) 
Lecturer  on  Mining  and  Mineralogy  at  the  Royal  School  of  Mines ;  and  Inspector 
of  the  Mineral  Property  of  the  Crown  and  the  Duchy  of  Cornwall. 

His  Lecture  *'  On  the  Value  of  an  extended  knowledge  of  Mineralogy  and 

tMe  Proceeeee  of  Mining,  was  deliTered  in  1852. 

It  may  not  be  out  of  place  to  recapitulate  that 
D.BorltM'^      C YcUow  eoppafM>ro')  ^to  bare   been^  fBIaek  ft  Titraoiu  ore')  piaWnffbeen 

Ifr.SmythJ  •  (.yitieons     „        )  (silAntatto   ,,)  {YMowitVluk    n)  \  manner. 

Now— 
Dr.Borlase  was  bom  in  1695,  and  in  1758  he  wrote  thst  **  about  sixty  years  earlier 
yellow  ore  was  thrown  away ; "  it  is  manifest,  therefore,  that  when  such  waste 
took  place,  he  (the  Aiture  writer)  was  yet  in  his  childhood  ;— 

Dr.  Fryce  —  whose  birth  took  place  about  1720-1730  —  stated  in  1778  that 
*'  scTenty  yeara  before  the  Tinners  threw  black-ore  into  the  brooks  as  refuse ; " 
a  comparison  of  datea  proTcs  that  period  of  ignorance  to  hare  existed  when  he 
(who  has  perpetuated  the  remembrance  of  it)  was  as  yet  unbomt  eren  the  sepa- 
ration of  copper  from  calcined  matter,  which  had  been  already  treated  for  the 
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and  in  the  neighbourhood,  and  some  of  them  have 


tin-ore  it  contained,  seems  to  have  first  taken  place  in  1735,  during  his  infaneys— 
and  Mr.  Smyth  (an  occasional,  though  now  a  frequent,  Tisitor  to  the  neighbour- 
hood)— speaking,  in  1862,  more  than  one  hundred  years  after  the  event  he  de- 
scribes—-says  "  at  the  commencement  of  the  last  century  Redruthite  (Titreons- 
copper)  was  thrown  as  worthless  rubbish  over  the  cliffs  of  St.  Just  into  the 
Atlantic;"  at  that  time,  however,  Mr.  (afterwards  Dr.)  Borlase — a  native  of 
the  parish — resided  on  or  near  the  spot. 

Mr.  Phillips— who  was  born  in  1773 — ^recorded  it  in  1814  as  "  an  undoubted 
fact  that  It  It  It  within  a  century  4r  *  4r  many  roads  in  the  county  were 
mended  with  copper-ore ;  "  the  event  being  thus — in  another  instance — sup- 
posed to  have  taken  place  before  the  birth  of  the  describer. 

These  several  writers,  therefore,  record — 

„  „  in  the  natures  of  the  ores  misappropriated ; — and 

„  „  „     modes  of  their  misappropriation ; 

nor  is  it  surprising  that  accounts  should  so  materially  differ,  when  given  so  long 
after  the  eventa,  by  parties  who  could  not  have  been  eye-witnesses. 

But  the  early  progress  of  copper-mining  in  Cornwall  had  not  escaped  the 
notice  of  contemporary  authors ; — for — 

Mr.  Carew  states  that  [not  later  than  1602]  he  had  visited  a  copper-mine,  the 
produce  of  which  shipped  to  Wales  for  reduction. 

Mr.  Hals — who  lived  from  1653  to  1737, — and  Mr.  Tonkin — who  was  bom  in 
1678  and  died  in  1742— state  that,  between  1673  and  1736,  the  yellow,  ash- 
coloured  (grey),  earthy-black,  and  other — less  abundant — ores  of  copper  had 
been— not  only  recognized — but  largely  and  profitably  wrought,  both  in  the 
eastern  and  western  parts  of  the  county. 

It  appears,  therefore,  that  Dr.  Borlase,  in  1758,  sixty,  andDr^  Pryce*  in  1778, 
seventy,  years  after  the  events, — which,  in  fact,  must  have  happened  in  the  child- 
hood of  one  and  during  the  infancy,  if  not  before  the  birth,  of  the  other, — 
represented  the  workmen,  in  1698  and  1708,  to  have  rejected,  as  worthless,  two 
rich  ores  of  copper ;  whilst,  in  1852,  Mr.  Smyth  reported  a  third  valuable  copper- 
ore  to  have  been — at  the  commencement  of  the  last  century— cast  into  the  sea. 
Whereas  Mr.  Hals  and  Mr.  Tonkin,  the  latter  himself  a  mine*owner — who  lived 
(and  wrote  from  1685  to  1733}  before,  during,  and  after  the  periods  when,  it  was 
(subsequently)  said,  such  ores  were  **  thrown  away  "—mention  the  mines  then 
worked  in  different  parts  of  Cornwall,  and  describe  the  nature  of  their  produce, 
but  both  are— as  (in  1586—1602)  their  predecessor  Mr.  Carew  had  been— silent 
on  the  subject  of  waste. 

The  circumstance — mentioned  by  Mr.  Taylor— that  seven  hundred  tons  of 
English  copper  were  coined  at  the  mint  in  1717>  bears  directly  on  this  question. 

In  reference  to  the  statement  that  copper-ore  had,  within  a  century, been  used  as 
road-metai;  it  must  be  remembered  that  all  lodet  partake,  more  or  less,  the  nature 
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been  amoDgst  the  most  productive  id  the  county : 


of  thg  tdjoiniiig  looki,  ind  ihiu  coniiit,  Id  gntt  meuora,  ot  earth;  minerali^ 
Of  the  priacipil  Corniih  vdn-itonea  ud  arm  the  compintWe  budDeiiii,— 
qnsilE  7',  felipai  6'— 6'S,  hornblCDde  S-— 6',  fluor  1',  cbloriMi  3*— 2'fi,  aiida  of 
Un  8-— 7",  Iron-pyritei  S'— 6'fi,  copper- pprile«  S-6—i-,  TilreoQ»-Eopper  2'6— 3', 
black  eopper-ore  mually  occurs  in  an  esdhy  stste.  The  ores  of  copper  are 
therefore  both  aofter  and  te»  plentiful  than  tbs  ordinary  Tein-atones. 

Thai  all  later  wrilera  eoncui  in  anting  much  vaite  to  hare  taken  place  at  the 
commencement  of  copper-mining  in  CoTn<rall,  bat  they  differ  aa  to  the  kind  of 
ore  waited,  and  on  the  mode  of  the  waat«;  wbeieai  earlier  antbon  are,  to  ■  mas, 
■ilent  oil  the  aabject. 

The  fallowing  different  aceontiU  of  the  aame  drcnmatanoe  maj'  not  bo  Irrele- 

"  Even  vltbin  theae  few  dayi  a  ease  has  aeenrred  tn  DeTonihtre  where  a  fleld 
wall  was  constTucted  of  grey  capper  ore,  and  the  breaking  of  a  gate  poat  led  to 
a  knowledge  of  tbe  fact.     Thii  happened  in  a  mining  diatrict." 

Db  la  Beche,  Tnaugural  DUfouni  at  tht  opfniiig  of  llu  Gmernmatt 
School  of  Minti,  6lli  NoTember,  1851,  p.  10,  Note, 
"  The  atnff  brought  together,  at  the  apot  mentioned,  from  walla,  gale-poit, 
pita,  &c.,  bj  mining  and  all  other  meana,  waa  faul  a  few  tona ;  and  after  the  beat 
manipulation — eien  at  ■  high  Standard— it  waa  timaieoilt." 

JoBBFH  MATTBBire,  Esa.,  Furser  of  Wheal  FriendMp, 
near  Taviatock,  MSS. 

Dl.  Frjoe  slates  that  owing  to  negligence  in  (dreaaing)  preparing  earthy  blaok 
copper-ora  for  the  market  iSTeral  thouaand  pounds  worth  of  it  had  been  waahed 
into  tbe  rirera  and  discharged  into  the  [Briatal  channel]  north  sea. 

As  long  as  the  lodet  were  wrought  underhand  t—'oi  fact  until  177S-1SIS,— 
the  water  which  entered  moat  of,  if  not  all,  the  ahallower  worka,  found  lu  way 
orer  the  working-ifopu  (atepa),  to  the  bottom  of  the  mine.  The  present  system, 
of  bee's  and  teinzu. — by  gradually  draining  the  lodt  whilst  laying  It  open  for 
(bae\-itopeing }' — pretenta,  in  great  meaaure,  the  percolation  of  water  Ihiongh 
broken  ore.     But  eren  now,  when  earthy  black  copper-ore  la  wiooghl — as  it  uas 

d  "  trpon  an  aTenga  fOr  the  laal  Ian  lein  (1 7K— 1778)  one  bundml  and  Bfir  Ik 
of  rough  Lodei  hmve  jleJdtd  about  tveni^-rour  Lhchu 
copper  ora.^— ParcB,  Mtiuralc^  Ccrnubiffvi$t  p. 

"Quintan  poldi  touu  d« nulltna H 


f 
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thus — 

Soyih  Caradon,  betwMn  the  Itt  of  Jtn.,  1886,  \  .4r«j-;i  •  ««m%ii*  ^  ^fti  jc  aac  .  • 

•ad  the  80th  of  June,  1868.  J  ■*^"*^  * P^*  ^  £9l5fi06;^ 

WettCaradon, from  1840  to  1868,  „  about  110,000,  ft 

MariteValUf    „     1840  „  1868,  „  „      50,000.i, 

Many  other  mines  ||  have  been  wrought  within  the 


at  Wheal  Jnotl*  during  1829-81— in  a  "  wet  Country;*  the  <'  weeprnge  "  of  tho 

mid§f  tPoOf,  and  haekt  accumulate  in  the  /Sroetv,  flow  to  the  ehafte,  and  are  raiead 
through  the  pumpe ;  bearing  with  them,  in  suspension,  finer  and  softer  portions 
of  the  mineral ;  which  either  subside  and  are  recovered  (oooasionaUy  in  recep- 
tacles prepared  for  arresting  them)  in  the  adit^  or  pass  oflf  in  the  stream  and  era 
loet  Such  loss,  howcTer,  is  by  no  means  owing  to  ignorance  of  the  nature  and 
▼alue  of  the  ore  lost ;  but — like  the  loss  of  tin-ore  in  Cornwall,  ^  and  of  gold 
(where  the  rein-stones  are  Han^fedj  in  Brasile^is  due  to  the,  insnffleient,  means 
hitherto  adopted  for  intercepting  it. 

•  Semlh  Caradon,  from  the  1st  of  January,  1836,  to  the  80th  of  i  ^,  .na  Kas 

June,  1868,  afforded  ores  which  realiied  )  •'^i^^iW* 

Boyftttliiri>iMf; «,MS 

PloflU ai6,aoB 

£1.128,506 

W.  H.  RiTLB,  Esa.«  Purser  and  Accountant  of  the  Mine,  MSS. 
Ani€,  p.  457;  Tabh  XIV. 

t  AUen,  HiMtory  of  Uskeard^  pp.  896,  420.  Webb  ft  Geach,  HiHory  tmd 
Frogru9  of  Mining  in  the  Caradon  and  Litkeard  Dtstriet^  pp.  34—6,  92 — 8. 
Captain  William  Johns,  Manager  of  Wut  Caradon^  MSS. 

t "  A  striking  increase  in  the  Talue  of  property  occurred  with  respect  to  Down- 
hill, a  small  coarse  tenement  in  St.  Cleer,  which  had  been  purchased  thirty  yeara 
before  for  £200  •  •  •  •  By  the  discoTsry  of  mineral  lodes,  and  the  opening 
of  West  Caradon  Copper  Mine  in  this  barren  spot,  the  proprietors  hare  receiTod 
for  the  last  twelTc  years,  without  any  risk,  an  income  of  more  than  £2,000  a  year, 
as  dues  on  the  ore.  The  landowner  of  South  Caradon,  an  equally  barren  sur- 
liMe,  has  benefitted  to  a  still  greater  extent." 

AxxBN,  HiMtory  of  Litkeardf  p.  897.    Jute,  p.  858. 


{  Captain  John  Tmscott,  Manager  of  Mark$  VaUey,  MSS. 

I  In  1862, 

liss^  CmtMlDfi  had  already  giren £29,952 

CraddoekMoor  „  •••••• 


M??}  *»'•»'»  »«^*' 


•  Foz,PMI.2y«M.,  czx..(1880)p.401.    Umwood,  CemmaUGeoUTrmUmr.  TUtiiaT, 
»^iilCPw854»  Motet 
c /Ml,  pp.  364-6. 
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district,  and  in  its  neighbourhood ;  bat  the  writer  has 
not  examined  them. 

Pebbles  of  stream-tin  ore  are,  from  time  to  time> 
still  found,  amongst  the  rubbish,  on  either  side  of 
an  ancient  opening*  which  extends,  from  near  the 
Hurlers,!  northward  to  Withy-brook  marsh.;]: 

The  low  lands  traversed  by  greenstones  are  ex- 
ceedingly fertile;  but  the  thin  covering  of  slate, 
which  overlies  the  granite,  affords  an  ungrateful  soil. 
Undulating  moors  and  impassable  swamps  occupy 


whilitin 

CarodonConaoU.mM •••  £22,712*) 

CaradonHiU 1.843 

EoMt  Wheat  Agar   •••• 11,424 

Qcnamtna   «  20,121 

QreatCaroAm    ^ 7,782 

Ntw  South  Caradim  8,000 

North  Phcsnix 1,100 

South  Carodon  Wheal  Hoeper  . .  14,221 

SouUiPheenix 86,172 

WeH  Boee  Down 5,876 

WeHShairp  Tor 86,608 

WhoaiCaradon 6,400 

WhealNorrie 16,176 

Wheal  PoUard 16,000 

Wbbb  ft  Gbaok,  History  and  Progrets  of  Mining  in  the  Cmradon 
and  lAehoard  Dietriet,  pp.  7, 9, 


h  £196,488  hid  been  expended. 


•DeUBeehe,  Ordnance  Oeologieal  Jfit^M,  Sheet  ZXT.  Whitley,  Oeologieai 
Map  of  the  Caradon  Mining  Dietrict.  Symons,  Plan  of  the  Caradon  MHrnng 
Dietriet. 

t  Borlue,  Antiqmtiee,  Hietorieal  and  Monumental,  of  the  County  of  Cornwall, 
p.  199,  PL  XVIL,  Fig.  6. 

« 

t "  On  the  west  side  of  the  Cheeiewring  a  small  stream,  a  mere  riTolet,  finds 
its  way  along  a  Talley  extending  northward  into  the  moors  of  Altamnn  and 
Korthill }  and  there  are  numerous  eTidencee  of  its  oourse  having  been  worked 
for  tin— probably  at  periods  far- apart." 

BuQHT,  Journal  of  the  Seyol  JnttOution  of  Cormooll,  ul  (No,  zx  J  p.  18. 
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great  part  of  the  granitic  region.*     Caradon,  Sharp 
Tor,  and  the  picturesque  rocks  of  the  Gheese-wring^f 


*  "  The  granite  of  this  district  *  «r  *  throughoat  its  whole  extent  is  one 
expanded  scene  of  sterility  and  desolation :  trees  there  are  none ;  and  it  is  oalf 
in  favoared  spots,  that  yegetation  has  attained  even  to  the  sixe  of  a  farse-hnsh. 
The  eleTated  situation  of  this  granitic  land,  exposed  to  every  hlast  from  tlie 
ocean,  is,  without  doubt,  unpropitious  to  the  growth  of  trees  and  shrubs :  but  a 
more  powerfol  cause  is  to  be  found  in  the  nature  of  the  mass  that  results  from 
the  decomposition  of  the  granite.  The  grains  of  quartz  render  the  granitic  soil 
gravelly  and  easily  permeable  to  water ;  so  that,  in  all  inclined  situations,  the 
rain  washes  away  the  fine  particles  of  light  clay  that  have  been  produced  by  the 
decay  of  the  felspar;  thus  rendering  the  soil  less  adapted  for  vegetation,  and  not 
sufficiently  tenacious  to  give  a  firm  support  to  trees.  It  it  %  All  the  hills  are 
crowned,  and  covered  on  their  precipitous  sides  with  immense  hoary  blocks  of 
granite,  which  are  generally  heaped  upon  each  other  in  the  most  fantastic  forma. 
^  %  tit  The  bottoms  of  all  the  valleys  are  covered  with  bogs,  which  are  some- 
times so  extensive  and  deep,  and  have  such  long  and  winding  branches,  that, 
even  in  fine  weather,  it  is  difficult  for  a  stranger  to  extricate  himself,  when  once 
entangled  in  their  mazes.  In  many  places,  the  bog  is  more  than  a  dozen  feet  in 
depth :  the  bottom  layers  of  which,  afford  a  good  peat,  not  inferior  to  that  of 
Ireland."^BoABB,  ComwaU  QeoL  Trant,^  lY.  p.  170. 


t  In  coarse  of  the  Trigonometrical  Survey  **  Caraton  Hill "  was  aaeeitained 

to  be   1,208  feet  above  the  level  of  the  sea. 

Duiing  the  Geological  Survey  *'  Sharp  )    ^  20O 
Point  Tor  "  was  found  to  be     ....)'" 

Db  la  Bbchx,  Report  an  the  Geology  of  CormpoOt  J^&von^  and 
Weet  Somereetf  pp.  14, 18. 

**  The  Rock  now  called  Wringcheese  attracts  the  admiration  of  all  Travellers. 
«  •  «  The  upperstone  was,  as  I  have  been  informed,  a  Logan  or  Bocking- 
stone,  and  might,  when  it  was  entire,  be  easily  moved  with  a4;>ole;  but  part  of  it 
has  been  broken  off,  and  that  weight  which  kept  it  on  poise  is  taken  away.  The 
whole  heap  of  stone  is  32  feet  high ;  the  great  weight  of  the  upper  part,  and  the 
slendeniess  of  the  under  part  makes  every  one  wonder  how  such  an  ill- grounded 
fiileeould  resist  for  so  many  ages  the  stormsofsuch  an  exposed  situation,  m  %  % 
There  are  several  heaps  of  Stones  on  the  same  hill,  and  also  on  a  hill  about  a 
mile  distant,  called  Kell-mar'r,  of  like  fabrick  though  not  near  so  high  as  this," 

B0RLA6B,  Antiquities  of  Comtoatt  (Second,  Edition),  p,  173, 
PA  XIL  Fig.  1. 

**  Thia  remarkable  eatm  coasists  of  five  stones,  of  which  the  upper  ones  are 
so  muoh  the  largest  as  to  oveihang  the  base  on  all  sides.  The  collective  height 
of  tha  whole  pUe  is  about  15  feet" 

Mao  Cullooh,  6M.  TWnw.,  11.  p.  70,  Pi.  IV. 

**  This  remarkable  mass  of  rocks,  eight  or  ten  in  number,  is  about  22  feet  in 
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however,  attain  an  elevation  of  twelve  hundred  feet, 
and  command  a  prospect  of  great  extent,  variety,  and 
beauty.* 

The  following  columns  show  the  produce  of  the 
several  copper-mines  described,  and  the  numbers  of 
work-people  employed,  as  well  as  the  power  of  the 
steam  and  water  machinery  in  use^  at  each  of  them 
respectively,  during  the  year  1851. 

height ;  at  the  broadest  place  near  the  top  about  thirty-four  feet  in  diameter  { 
and  at  the  narrowest  part  of  the  base  about  17  feet" 

Parochial  History  of  Cornwall  {TrurOt  1869),  ixi.  p.  132. 

Hitchins  &  Drew,  History  of  Cornwall^  i.  p.  144;  ii.  p.  420.  Ljsons,  Corti' 
wall,  p.  OLXXXiv.  C.  S.  Gilbert,  Historical  Survey  of  CornwaU,  i.  p.  172;  ii. 
p.  470.     Bond,  History  of  Looe,  p.  204. 

•  «<  The  views  from  Sharp-Tor  are  truly  sublime.  The  spot  is  nearly  the  centre 
of  the  broadest  part  of  the  County ;  from  it  we  saw  both  seas,  north  and  south, 
and  consequently  the  intervening  land,  •  4r  •  .  We  also  saw  in  the  north 
sea  a  very  high  land,  which  we  concluded  must  be  Lundy  island ;  *  4r  • .  The 
prospect  was  equally  extensive  east  and  west.  We  discovered  Launceston 
castle.  It  It  tit  and  we  were  much  struck  with  the  beautiful  and  highly  cultivated 
lands  to  the  east,  terminated  in  part  by  the  high  lands  of  Dartmoor.  To  the 
westward  nothing  was  to  be  seen  but  a  vast  continuance  of  moor  land,  without 
a  hedge,  without  a  tree,  for  a  stretch  of  many  miles.  The  extreme  point  of  our 
western  view,  dimmed  by  distance,  showed  us  Roach  rock,  and  we  also  saw 
Dosmerry  about  four  or  five  miles  off;  our  south  view  commanded  Plymouth- 
sound,  and  a  long  extent  of  coast  and  sea." 

Bond,  History  of  Looe,  pp.  208 — 9. 

**  The  scene  from  the  Cheese  wring,  at  an  elevation  of  upwards  of  twelve 
hundred  feet,  is  of  a  most  imposing  character.  To  the  west  all  is  rough  and 
wild,  a  large  succession  of  hills  with  Brown  Willy  and  Rough  Tor  from  their 
height  and  broken  surface  forcing  themselves  into  foremost  attention.  Here 
the  stern  grandeur  of  the  moor  is  seen  to  perfection.  Looking  south  the  prospect 
is  more  pleasing.  Immediately  beneath  us  are  the  granite  works,  with  their  cone- 
like heap  of  rubble ;  and  just  beyond,  occupying  twenty  acres  of  ground,  is  a 
row  of  cottages  with  gardens  occupied  by  the  quarrymen.  Further  on  are  the 
Caradon  and  Phoenix  mines ;  and  then  commences  that  fertile  and  well-wooded 
district  between  Liskeard  and  Looe,  the  sea  forming  the  horison.  The  coast  of 
the  English  Channel  is  to  be  seen  from  Rame  Head  to  Fowey ;  turning  to  the 
east  Kithill  and  Dartmoor  come  into  the  view;  %  it  %  and  towards  the  north 
Hartland  Point  and  Barnstable  Bay — some  thirty  or  forty  miles  off  [are  plainly 
seen.]  "^Western  Daily  Mercury,  xy.  (Mo.  2,463,  28th  May,  1868),  p.  2. 
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Lead-mines   have  been  wrought   to  great  depth, 
extent,  and  advantage  in  Menheniot  some  two  miles 
and  a  half  N.N.E.,  as  well  as  in  Lanreath  and  Saint 
Pinnock  three  miles  and  a  half  S.W.,  of  Liskeard.* 

The  Menheniot  District 

extends  from  Butterdon,  near  the  Liskeard  and  Calling- 
ton  turnpike  (about  two  miles  and  a  half  S.E.  of  the 
Caradon  granite  t)  S.,  to  within  half-a-mile  of  the 
church ;  a  tract,  perhaps  a  mile  and  a  half  in  length, 
but  nowhere  exceeding  two  furlongs  in  width. 
Hitherto  the  only  productive  part  of 

The  Lanreath  and  Saint  Pinnock  District 

has  been  an  area  of  scarcely  a  mile  long  or  a  furlong 
wide,  near  the  confluence  of  several  rivulets  with  the 
Duloe  J  brook  at  HerotTs-foot.^ 

As  the  characters  of  the  rocks,  lodeSf  and  cross- 


*  "  Herod's-foot  Is  situated  ia  the  boundary  of  the  parishes  of  St.  Pinnock 
and  Lanreath,  about  seven  miles  S.W.  of  Caradon;  Trelawny  in  Menheniot 
from  four  to  fi?e  miles  £.  of  that  hill.*' 

Giles,  Cornwall  Qeol.  TVofw.,  txi.  p.  201. 

"  The  lead  mining  district  in  the  neighbourhood  of  Liskeard  %  it  it  ia  rather 
scattered,  extending  in  the  killas  in  a  zone  about  8  miles  long,  from  4  miles 
E.N.E  of  Liskeard  to  about  the  same  distance  S.W.  of  that  town,  flanking  on 
the  south  of  the  Caradon  granite  at  a  distance  Tarying  from  2^  to  5  miles." 

Salmon,  Mining  and  Smelting  Magazine,  ii.  p.  211. 

t  Ordnance  Geological  Mape,  Sheet  xzt.    Ante^  p.  656. 

t  '*  The  Duloe  rises  at  Broadoak  Common,  St.  Pinnock,  and  joins  the  Looe 
near  iu  mouth."— Ptc^  and  Oad{lS67),  p.  6. 

{ '*  Herod's-foot,  the  oldest  mining  work  in  the  neighbourhood  of  Liskeard,  is 
raUier  curiously  situated  at  the  confluence  of  four  steep  valleys,  through  the 
principal  of  which  the  river  Duloe  flows  nearly  due  north  and  south  to  its  junc- 
tion with  the  Looe." — Salmon,  Mining  and  Smelting  Magazine,  it.  p.  211. 
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veinSf  and  the  relations  they  severally  bear  to  one 
anotheri  are — with  a  single  exception — much  the  same 
in  Menheniot  as  in  the  Lanreath  and  Saint  Pinnock 
district^  it  may  be  convenient  to  consider  them  at  the 
same  time. 

(a)  The  rocks  in  both  districts  consist  mostly  of 
slates ;  generally  greenish,  brown,  drab,  or  dun-colour- 
ed n«ar  the  surface,  but  homogeneous,  of  silky  lustre, 
and  of  deep-blue  or  blackish  hue  at  greater  depths. 

Certain  nests  of  pulverulent  ferruginous  matter 
(?  of  organic  origin)  interlie  the  slates  in  a  shallow 
quarry  near  the  boundary  between  Wheal  Trelavmy 
and  Wheal  Mary  Ann ;  *  and  similar  bodies,  as  well 
as  Crinoideal  remains,  occur  on  the  way-side  near 
HerotTs-fooL* 


*  **  At  Roseland  4t  %  %  organisms  are  very  numerous,  though  generally  in 
a  broken  imperfect  condition;  they  consist  of  TVilobitesi  Orthoceritea,  Bellero- 
phont,  Turbinohpsea.  Pleurodietya  problemaiiea^  and  Crinoideat  besides  other 
forms  which  I  hsTe  not  been  able  to  identify.     %  *  % 

**  At  Stoney-bridge  %  %  %  two  or  three  examinations  rewarded  me  with 
several  portions  of  TrilobiUs  and  some  Twhitiploptea,  and  also  what  I  take  to 
be  a  Spirifer.  *  %  * 

'*  At  Trussil-bridge  the  fossils  are,  if  not  ezclusiTely,  yet  mostly  found  in 
certain  thin  strata  here  and  there  along  the  succession  of  the  beds*  but  the 
strata  in  which  the  organic  remains  most  abound  differ  from  the  general  sample 
in  being  softer  and  more  ferruginous." 

Giles,  Cornwall  Geol.  Trant.^  vii.  (1849—51),  pp.94— -6,  97,  170. 

**  I  could  trace  Crinoidea,  &c.  in  the  slates,  all  the  way  from  LamelUoB49y 
Herod's  Foot,  Berry  Down,  and  Lanreath,  lo  St.  Veep." 

Peach,  Comtoall  GeoL  Trans,,  vii.  (1849),  p.  104. 

"  The  beds  near  Liskeard  are  considerably  lower  [than  the  Plymouth  lime- 
stone]  in  the  series  of  deposits  :  and  it  was  not  without  hesitation  that  I  desig- 
nated them  by  the  distinctiTe  name  of  Liskeard  Gr<nga,  They  are  certainly 
neither  Silurian  nor  Cambrian,  and  may  be  regarded  as  a  lower  subdivision  of 
the  Great  Plymouth  Group.  *  It  It  A  very  old  Devonian  group  with  many 
fossils,  collected  and  partly  described  by  Mr.  Giles  and  Mr.  Peach,  exists  in  the 
neighbourhood  of  Liskeard."— Sedgwick,  Quarterly  Journal  of  the  Geol,  Soc., 
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At  diflPerent  depths,  on  one  side  or  other,  and  occa- 
sionally on  both  sides,  of  the  lodcj  in  various  parts  of 
its  range  through  Wheal  Trelawny^  and  Wheal  Mary 
A,nn;\  as  well  as,  in  one  part  at  least,  adjoining  the 
Jlucan  in  the  latter,  the  ordinary  homogeneous  clay* 
slate  is  interlaid  by  conformable  beds  and  isolated 
bodies  of  felspathic  and  hornblendic  rocks  :|;  (locally 
known  as  Elvans  §) ;  mostly  of  massive,  but  here  and 


Tin.  (1852),  pp.  5,  17,  146 ;  BtUmK  PeUaozoie  Rocks  (IntroductioD,  1855), 

pp.  XXIII. 

"  The  beds  which  dip  into  the  synclinal  area  of  liskeard,  and  nndnlate  thence 
to  Saltash  and  St.  Stephen's  represent  in  less  force  the  higher  group  of  Darid- 
Btow  and  Lewannick.  Folded  in  among  this  upper  group  are  some  slate-beds 
locally  fossiliferons,  as  at  the  Tregril  slate-quarry,  at  Great  Tressell  north  of 
St.  Keyne,  Doubleboys,  Stoney  Bridge,  near  Liskeard,  and  in  the  cuttings  of  the 
railway  south  of  that  town,  and  likewise  at  Saltash  and  St.  Stephen's.  Among 
these  fossils  we  find  noticed  PleurodicCyum  pmbUmatiewn,  Atrypa  desquamala^ 
Bellerophoti  bUulccUtUf  Fenestrella  antiguay  an  Orthocereu,  two  species  of  Spirifera, 
some  undetermined  CyatkophyiUida,  Phaecpa  kUifirona,  and  P.  pun^aiua.  The 
last  species  was  found  at  Great  Tressell  by  Hr.  Pengelly,  and  is  a  characteristic 
Middle-Devonian  fossiL" 

HoLi,  Quarterfy  Journal  of  the  Geol,  Society,  xxiv.  (1868),  p.  423. 

•  Table  XXVIT, 

t  Table  XXVIII . 

"X  '*  Near  Tregerla  slate^uarry,  the  hornblende  rock  of  St.  Clere  Down,  and 
the  same  in  a  state  of  decomposition,  occur  in  great  abundance/' 

RoosHB,  ComioaU  Geol,  Trane.,  ii.  p.  221. 

"  From  Hessen  Ford  to  Quethioek  a  mixture  of  arenaceous  beds  and  argilla- 
ceous slates  [is]  traversed,  among  which  we  find  a  great  variety  of  trappean 
rocks,  some  of  them  possessing  the  schistose  character,  *  *  *  the  compact 
kinds  are  generally  greenstones." — Ds  la  Bbchb,  Report  on  the  Geology  of 
Comioally  Devon,  and  West  Somerset ,  p.  79. 

§  **  Near  the  north  and  south  lead  lodes  [the  rocks  locally]  called  elvan  consists 
chiefly  either  of  soft  felspar,  with  more  or  less  of  hornblende  matter,  or  of  a 
kind  intermediate  between  the  common  grey  elvan  aud  magnesian  greenstone. 
^  *  %  They  do  not  occur  in  regular  dykes  or  courtee  ^excepting  in  one  in- 
stance) but  in  floors,  and  in  numerous  small  detached  masses,  called  by  the 
miners  hunches.  Many  of  these  appear  to  be  completely  isolated ;  for  instance, 
several  masses  of  this  description  occurred  in  the  Trelawny  shaft  so  entirely 
surrounded  by  killas,  as  to  exhibit  slate  in  all  the  four  corners.  But  the  more 
general  mode  of  the  connexion  of  the  elvan  with  the  lode  is  m  floors,  of  varying^ 
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there  of  schistose/  structure.  Between  these  and  the 
slate  a  gradual  transition  sometimes  takes  place;  but 
usually  the  passage  from  one  to  the  other  is  distinct  and 
immediate.  They  are  probably  connected  with  one 
or  other  of  several  similar  masses,  shown  on  the 
Ordnance  Geological  Map  ;  t  in  one  of  which — ^at 
Lambest — ^spheroidal  bodies,  made  up  of  many  con- 
centric layers,:]:  are  imbedded  in  a  basis  of  identical 
composition. 

Nor  is  this  concretionary  structure  peculiar  to  the 
felspathic  and  hornblendic  rocks,  for  one  side  (wallj 
of  the  hde^  at  a  depth  of  fifty-five  fathoms,  in  Wheal 
Trelavmy  \   presents  a  section  of  a  spheroidal  con- 
cretion {Fig.  32),  presenting  a  nucleus  and  an  external 
envelope  of  galena  separated  by  four  several  layers  of 
quartz,  each  distinguishable,  from  either  of  the  layers 
adjoining  it,  by  some  peculiarity  of  structure  or  of  hue. 
This  remarkable  body  was  found  imbedded  in  quartz 
transfused  with  slaty  matter,  which  gradually  shaded 
into  the  ordinary  deep-blue  (Country)  slate. 

but  never  of  very  great,  thickness.  Their  underlie  is  not  conformable  to  the 
dip  of  the  slates,  but  inclines  in  different  directions.  *  *  *  In  the  southera 
part  of  Wheal  Mary  Ann  an  eWan  of  a  more  dyke-like  character  occurs  i  *  *  « 
but  its  dip  and  bearing  are  alike  unknown,  although,  as  nearly  as  can  be  judged, 
[it  seems  to]  dip  about  S.E.** 

GiLBB,  CovmoaU  GeoL  TVaiw.,  tii.  pp.  201,— 6,— 6.  (Abridged.) 

*  **  From  Fengoyer  to  Clicker  Tor  the  «  *  *  rock  exposed  is  hornblende 
slate.'*— BoASB,  Ccmwdll  Geol,  Trans.  ^  xv.  p.  211. 

t  Sheet  XXV. 

t "  It  is  n6t  improbable  that  the  spheroidal  forms  so  commonly  exhibited  by 
the  crystalline  rocks,  are  varieties  of  original  structure,  the  result  of  some  pe- 
culiar mode  in  which  their  integrant  particles  have  been  aggregated  together, 
and  which  appear  to  subsist  in  the  same  mass,  in  conjunction  with  various 
cuboidal  and  prismatic  arrangement8."~BoA8By  Primary  Geology^  p.  97. 

(  Table  XX  VIl,  column  5. 
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L  WHEAL  TRBLAWNY,  Eut  Cobkwul. 

Section  of  a  ooncrelion  in  Um  (Cotmtry)  «lal«. 


(Scale  one-foorth  of  Uia  n 
DHt,  of  itl^tlj  ndUtod  itlnBMl 


jtUamitb,  ooBtalnJBicaTlUHllDcdwnhiBliiirtKn'tMltof  traniliictnt  qii*rti. 

lo  both  districts  the  pUaes  of  cleavage  range  from 
E.— W.  to  N.K— S.W.,  aad  dip  5'— 15°  S.— S.E.;  in 
sborf,  occasional,  flexures,  however,  the;  sometimes 
decline  slightly  towards  the  N. — N.W. 

The  best  developed  and  most  DDmerous  of  the  joints 
— maintaining  in  both  cases  a  general  parallelism  with 
the  /<wic«— bear  from  8°  E.  of  N.— W.  of  S.»  to  12» 

W.  of  N.— E.  of  S.t 
Many  joints  range  „    25°*— 45°J  E.  of  N.— W.  of  S , 
as  well  as  „     18°^— 35-*  W.of  N.— E.of  S., 

and  others  take  yet  difierent  directions.^ 

•  TM*  xxriii. 

t  •■  In  1S40  th*  mignetio  decUnktion  wm  2{°  W." 

Sabikx,  Pha.  TVoni.,  cxxxis.  p,  20G,  PI.  XIV.     Anit,  p.  ST3. 
ITaiUXXIX. 
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(&)  Both  districts  hare  been  carefally  examined  ; 
but  in  neither  of  them  has  more  than  one  lode*  yet 
been  found  productive. 

( — 1)  The  lode  in  the  mines  of  MenheniottJ  ^^es 
slightly  different  directions  in  different  parts  of  its 
course ;  thus  in 

Wkecd  Trelawny  it  bears  about  S**  W.  of  N.— B.  of  S. ;  but  in 
Wheal  Mary  Ann        „  3°— 8°  E.  of  N.— W.  of  S. ; 

whilst  in  the  Lanreath  and  Saint  Pinnock  district,:}: 
the  lode  at 

HerodPs'foot  bears,  generally,  8^— 12«  W.  of  N.— B.  of  S. 

( — 2)  The  lodes  of  the  entire  region  maintain  an 
average  underlie  of  79"*;  yet  in  one  of  them  certaia 
portions  dip  only  64^  and  in  the  other  but  l(f ;  of 
both,  however,  large  parts  are  nearly  vertical.  Their 
general  inclination  is  to  the  E. ;  §  but — as  well  in  one 


«Henwood,  Reports  of  the  Royai  IntHiution  of  Cornwall^  xxxiti.  (1851),  p. 
39.  Giles,  Cornwall  Oeol,  Tram,,  tcl  (1852),  pp.  20I,->3.  Allen.  HtMtory  of 
Liskeard,  p.  421.  Salmon.  Mining  and  Smelting  Magazinet  n.  (1862),  pp.  215, 
—18.  Webb  &  Oeach,  Hietory  and  Progreu  of  Mimng  m  the  Caradon  and 
Liskeard  District,  pp.  17,  26,  37. 

t "  Wheal  Trelatony,  Wheal  Trehane,  and  Wheal  Mary  Ann  contain  but  one 
lode  [which  bears]  about  north  and  south." 

Hbhwood,  Reports  of  the  Royal  InstittOion  of  Cornwall,  xxxni.  p.  40. 

"  ^'tlTSitri  w!IS  !  »'  *•  »"^»  "  240  or  28''  west  of  .outh  [nugnetic]. 

'"ieT,^ie''w^' !  "        i.«^ml»-to240.„tofn»th     ..      ." 

Wbbb  &  Gbach,  History  mnd  Progress  of  Mining  m  the  Caradon 
and  Liskeard  District,  pp.  27,  37. 

X  "  In  the  Herod*8-foot  and  Trelawny  mines  the  vein  *  *  *  bears  from  20® 
to  27^  E.  of  N.  [magnetic]."— GiLBS,  Cornwall  Oeol,  Trans.,  tii.  pp.  301—2. 

"  The  lodes  which  produce  lead-ore  in  a  sone  4t  *  *  from  4  miles  E.N.E. 
of  Liskeard  to  about  the  same  distance  S.W.  of  that  town  *  *  *  hate  an 
approximate  bearing  of  north  and  south." 

Salmon,  Mining  and  Smelting  Magazine,  n.  p.  211. 

{  In  the  Caradon  district  every  cross^ourse  dips  towards  the  W.— iliifo,  p.  682. 
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as  in  the  other — short  flexures  towards  the  W.  occur 
at  intervals. 

(3 — )  In  width  they  vary  from  0"6  foot  to  4  feet; 
and  average,  perhaps,  2  feet ;  *  but,  occasionally,  both 
are  made  up  of  many  subordinate  veins. 

(—4)  Of  both  lodes  the  chief  ingredient  is  quartz  ;f 


*  Henwood,  UeporU  of  the  Royal  Imtitution  of  Comwatt,  zxzxxi.  p.  40. 
Giles,  Cornwall  QeoL  Traruadumtt  tii.  p.  203.  Salmon,  Mimmff  and  SmeUing 
Moffogme,  ii.  p.  220.  Webb  A  Geach,  History  €Md  Proyrma  of  Minwff  in  tke 
Caradon  and  Litkeard  Diatrict,  p.  17. 

t  "  In  the  N.  part  of  Wheal  Trelawny  the  lode  affords,  near  the  surface,  much 
earthy-brown  iron-ore  and  granular  quarts ;  the  cavities  (mtgha)  in  which,  as 
well  as  the  joints  in  the  neighbouring  (Country)  rock,  sometimes  contain  the 
carbonate  of  lead.  At  greater  depths,  galena,  great  quantities  of  iron-pyrites, 
and  smaller  proportions  of  blende,  are  imbedded  in  quarts  that  closely  resembles 
homstone. 

"  On  either  side  of  the  boundary  between  Wheal  Trelawny  and  Wheal  Mary 
Annt  shallower  portions  of  the  lode  still  yield  the  carbonate— and  occasionally 
also  the  phosphate — of  lead;  beneath,  however,  the  quarts — especially  towards 
the  middle  of  the  lode — is  largely  mixed  with  fluor,  yet  both  contain  galena,  and 
both  are  drusy,  but  the  lead-ore  and  the  cavities  occur  more  frequently  in  the 
fluor  than  in  the  quarts. 

**  In  the  S.  part  of  Wheal  Mary  Ann  fluor  and  quarts  still  make  up  the  chief 
part  of  the  hde.  Occasionally,  however,  small  hollows  in  the  fluor  are  sprinkled 
with  crystals  of  the  same  substance;  and  these — as  well  as  massive  portions  of 
the  sides— are  frequently  encrusted  with  white,  greyish,  or  yellowish  crystals  of 
the  sulphate  of  barytes,  overlaid  with  crystallised  iron-pyrites,  or  studded  with 
small  brilliant  grains  of  galena,  now  and  then  in  unusual  crystalline  forms; 
moreover  both  fluor  and  barytes — especially  the  fluor — are  sometimes  thinly 
powdered  with  minute  double-pointed  crystals  of  quarts.  The  fluor  rests  some- 
times on  quarts,  sometimes  on  galena ;  but  the  sulphate  of  barytes  seldom  bat 
on  fluor.  Most  of  the  rarer  crystals,  however,  have  been  obtained  at  less  than 
eighty  fathoms  deep.  A  peculiarity  of  this  lode  is,  that  even  in  its  most  pro- 
ductive parts,  the  ore  occurs  in  small,  unconnected,  though  rich  hunehee^  rather 
than  in  one  large  and  continuous  vein.  In  the  midst  of  the  fluor,  indeed,  and 
occasionally,  though  more  rarely,  in  the  quarts,  cubic  crystals  of  galena  are 
isolated  in  the  earthy  ingredients.  Whether  the  ore  be  massive  or  crystallised, 
quarts  and  fluor  are  the  only  matrices  in  which  it  occurs ;  and  the  most  perpen- 
dicular parts  of  the  lode  are  always  the  most  productive, 

'*  The  ordinary  quarts,  which  forms  the  matrix  of  the  lead-ore,  frequently 
bears  rectangular  impressions ;  and  the  iron-ipyrites  exhibits  here  and  there  oasts 

5e 
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often  granular  and  sometimes  mixed  with  earthy  brown 
iron-ore  near  the  surface,  but  generally  massive  and  of 
milk-white  hue  beneath ;  in  the  Menheniot  lode^  how- 
ever, it  assumes  the  character  of  hornstone  in  some. 


of  hexagonal  PTramids ;  bat  of  the  labstuices  by  which  thej  were  im] 
all  traces  hare  diaappeared." 

HBrwooD,  Reports  of  the  RoytU  Tneiiiuiion  of  Cornwall, 
(1851),  pp.  40—3.  (Abridged.) 

**  At  Herod*8-foot  the  matrix  mostly  carrying  the  ore  is  saccharine-qiiartsy 
accompanied  here  and  there  by  iron-pyrites.  Antimony  in  small  qnanticies  is 
also  disseminated  through  the  lode,  just  below  the  gossan,  and  fortunately  de* 
ereases  in  the  lower  l^eU.  Blende  in  still  less  quantities  has  been  found.  But 
a  rich  sulphuret  of  copper  is  occasionally  found  in  bunehee  sufficiently  l^rge  to 
make  a  mercantile  commodity.  These  htmehea  often  occur  in  parts  of  the  lode 
which  are  richest  in  galena. 

"  The  Trelawny  lode  *  *  «  which  is  richest  in  its  nearest  approach  to  the 
perpendicular,  *  *  *  mostly  [consists  of]  a  whitish-brown  fluor-spar,  which 
contains  the  ore  in  a  state  of  general  dispersion.    Many  of  the  specimens  of 
this  mineral  which  are  found  on  the  walls  of  the  fissure,  are  of  yarious  colours 
and  beautifully  crystallised  in  cubes.    The  beauty  of  some  is  enhanced  by  the 
presence  of  yery  large  cubic  crystals  of  galena.    Others  haye  small  octangular 
crystals  of  galena  scattered  oyer  the  fluor.    Next  to  fluor,  hornspar  is  the  most 
plentiful  mineral.    Small  quantities  of  the  carbonate  of  lead,  both  crystallised 
and  in  the  massive  state  occur,  but  they  are  most  plentiful  in  the  shallower  levels. 
A  few  years  since  a  considerable  quantity  of  the  phosphate  of  lead  was  found  just 
under  the  gossan,  but  the  miners  not  placing  much  value  upon  it,  suffered  it  to 
be  thrown  away  with  the  rubbish :  afterwards,  if  I  remember  correctly,  some 
few  tons  of  it  were  collected  and  sold.    But  perhaps  the  most  interesting  of  all 
the  extraneous  minerals  contained  in  this  lode  are  the  crystals  of  the  sulphuret 
of  barytes ;  which  were  abundant  to  the  depth  of  about  forty  fathoms,  but  below 
that  point  few  have  been  discovered.  %  4t  4t    It  is  no  uncommon  circumstance 
to  meet  with  slabs  exhibiting  a  coating  of  pyramidal  quartxose  crystals  over  the 
faces  of  casts  of  decomposed  minerals.    The  sulphuret  of  copper  occurs  in 
small  quantities  m  different  parts  of  the  lode,  and  in  the  deeper  parts  is  so  oom- 
mixed  with  the  galena  as  to  deteriorate  some  of  the  samples,  although  its  occur- 
rence is  generally  coincident  with  an  abundance  of  ore." 

Giles,  Cornwall  Geol,  TVom.,  vii.,  pp.  202—5.  (Abridged.) 

*'  The  lode,  which  in  Wheal  Mary  Ann  and  Wheal  Trelawny  has  been  remark- 
able for  its  produoUveness,  is  a  large  and  strong  one  containing  a  great  deal  of 
fluor-spar  and  carbonate  of  lime,  with  capels  generally  on  both  sides." 

Salmon,  Mining  and  Smelting  Magatnne,  n.  p.  221. 

Webb  ft  Geaoh,  History  and  Progreea  of  Mining  tn  the  Caradon  and  Lieheard 
Dietricty  pp.  16,  26,  36. 
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yet  is  associated  with  calcareous  matter  in  other,  of  the 
deeper  parts.    Between  iheflucans  in  Wheal  Trelawny 
and    Wheal  Mary  Ann^  green,  greenish-yellow,  or 
light-brown  fluor  often  prevails  towards  the  middle  of 
the  lode;   but — though  frequently  abundant — it  is 
seldom,  or  never,  the  only  vein-stone.   White,  greyish, 
or  greenish  crystals  of  the  sulphate  of  barytes  sprinkle 
the  fluor  in  many  small  cavities,  to  a  depth  of  perhaps 
eighty  fathoms,  where — in  the  &•  of  Wheal  Mary  Ann 
— both  sides  of  the  lode  are  bounded  by  rocks  of  fel- 
spar and  hornblende.     And,   under  similar  circum- 
stances, crystals  of  quartz   are  studded   with  other 
minerals.    At  Herod^s-foot  joints  in  the  rock  and 
crevices  in  the  lode  are  often  encrusted  with  pearl-spar. 

Iron-pyrites — sometimes  associated  with  silver — is 
a  common  ingredient  in  many,  if  not  in  most,  parts  of 
both  lodes ;  but  small  quantities  of  copper-pyrites,  and 
trifling  proportions  of  blende,  occur  most  frequently 
in, — if  indeed  they  are  not  limited  to, — the  quartzose 
portions  of  their  vein-stones.  The  sulphuret  of  anti- 
mony and  bournonite  are  peculiar  to  the  lode  of 
Herod^s-foot. 

From  amongst  the  earthy  brown  iron-ore  and  granu- 
lar quartz  which  abound  in  the  shallower  parts  of  both 
lodeSy  as  well  as  from  the  joints  of  the  contiguous  rocks, 
small  masses  and  minute  crystals  of  the  carbonate,  and 
— less  frequently — of  the  phosphate,  of  lead,  have  been 
obtained  at  intervals.  These  salts  of  lead — which 
occur  near  the  surface  only — are,  at  greater  depths, 
succeeded  by  galena.    In  the  Menheniot  lode — under 
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certain  conditioas  in  the  adjoining  (Country)  rock — 
quartz,  fluor,  and  calcareous  matter  form  a  congenial 
matrix;  the  ore,  however,  is  more  plentiful  towards 
the  middle  than  near  the  (walls)  sides ;  and  appears 
more  frequently  in  single  granules,  isolated  blocks^ 
and  small  (hunches)  masses  connected  by  thin  veina, 
than  in  large  (courses)  bodies  of  endlong  (shoot)  dip. 
At  Heroi s-foot^  on  the  other  hand,  the  granular 
quartzose  vein-stone  includes  numberless  small  lumps, 
and  is  traversed  by  many  thick  ribs  of  ore. 

In  both  these — as  in  most,  if  not  in  all,  other — 
districts  the  lead-ore  obtained  from  different  lodes^  and 
indeed  from  different  parts  of  the  same  hde^  are  un- 
equally argentiferous.* 

The  following  columns  show  the  proportions  of  silver 
obtained  from  the  galena  wrought  at  distant  parts  of» 
and  at  various  depths  in,  the  Menheniot  lode. 

Wheal  Trelavmy. 


1851.t 

1856.  t 

1857.§ 

1869.t 

Depth  105  fathoms. 

Depth  210  fath 

Highest 

Lowest 

Mean 

Mean 

Mean 

Highest 

Lowest 

0001876 

0001035 

0-001245 

0*000966 

0-001371 

0001516 

0001335 

Mean 
0-001401 


*  *<  La  gaUne  contient  toujours  de  Targent,  en  proportion  trds-variable,  dans 
les  difierents  filons  d'une  mdme  looalitft,  et  dans  les  diverses  parties  d*an  mfioie 
filon."  —  RiYOT,  PrifwipeM  Giniraux  du  traiiemerU  des  Mmtraii  MiUJUquetf 
II.  p.  10. 

t  From  daia  suppUed  by  the  kindness  of  Edward  Michell,  Bsq.,  of  Mitchell 
Hillf  near  Truro. 

X  Hunt,  Memoirs  of  the  Geological  Survey  of  Great  Britain  (Mining  Records 
for  1856),  p.  29.    Ante^  p.  120. 

{  Hunt,  Memoirs  of  the  Geological  Survey  of  Great  Britain  (Mining  Records 
for  1857),  p.  31.    Ante,  p.  120. 
"  Where  the  galena  is  associated  with  copper,  it  contains  an  unusually  large 
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l^heal  Mary  Ann. 

186l.« 

I856.t 

1867.J 

1867.» 

Depth  98  fathoms. 

Depth  256  fath 

Bigbest 

Lowest 

Mean 

Mean 

Mean 

Highest 

Lowest 

O-O01545 

0*001166 

0*001840 

0001168 

0*001897 

0001400 

0*001224 

Mean 
0001327 


Thus,  at  Wheal  Trelawny^ 


^•ob^*  a'??tS"  .'"!!!:  \  '^  ^'«'<«".  ■^o"'""'  «-0»^»"  '» -it*/' 

«>  210{    ,.      >      M        0*001516        „ 

At  Wheal  Mary  Ann^  on  the  contrary, 

.*  ,,  256  §     „       ,       „        0,001400        „ 

In  both  mines,  however,  the  least  argentiferous  of 
the  ore  wrought  at  the  greatest  depths  §  gave  larger 
proportions  of  silver  than  that  found  nearer  the 
surface. 

The  lead-ore  extracted  from  different  parts  of  the 
HeroiTs-foot  lode  has  afforded  the  undermentioned 
proportions  of  silver, 

Herod^S'foot. 


Old,  or  Northern,  Mine. 

New,  or  Southern,  Mine. 

Depth  141  fathoms. 

Depth  160  fathoms. 

i85i.g 

1856.t 

18574 

1867.ir 

Mean 

Mean 

Mean 

Mean 

0-000850 

0-000859 

0-000653 

0-001895 

amount  of  siWer.  4b  *  *  In  the  hard  killas  the  lode  is  smaller ;  but  %  4t  m 
it  is  here  considerably  richer  in  silver  (containing  from  13  to  17  ounces  per  ton 
more)  than  in  any  other  part  of  the  mine." 

OiLXB,  ComtoaU  Qeol.  TVoiw.,  tii.  pp.  205—6. 

•  AfUe^  p.  708,  Kote  t .      t  Ihid,  Note  }.      %  ^^»  ^ote  { . 
{  "  The  substantial  ore  ground  is  entirely  in  the  bottom  of  the  mine." 

Salmok,  Mining  and  Smelting  MagoMme^  ii.  p.  218. 

I  Salmon  Mining  and  Smelting  Magazine^  ii.  p.  214. 

%  Thomas  TreTillion,  Esq.,  Manager  and  Pttraer  of  the  Mine^  MS. 
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Between  the  proportions  of  lead  and  silver,  ho veTer, 
there  seems  no  necessary  connexion.* 


*  **  La  teneur  ea  argent  des  galldnes  est  g4n6ralement  trop  faible  pour  qii*o& 
puiase  determiner  par  des  moyens  ehimiques  l'6tat  de  combinaison  da  m^tal 
pr^ieuz ;  il  ezitte  probablement  k  I'^tat  de  sulfare  duns  la  galdne." 

Bitot,  Principet  GiiUrauz  du  traiiement  des  Mineraii  MetaUiquM^  n.  p.  1 1 . 

At  Wheal  Ludeoti,  on  the  confines  of  Menheniot,  about  a  mile  and  a  half 
N.N.E.  of  Wheal  Trehwny,  the  f  Country  J  rock  is  homogeneous,  glossj,  and 
thick  lamellar,  dark-blue  slate;  the  planes  of  its  cleavage  range  nearlj  N.S.— 
8.W.,  and  dip  16^—25°  S.E. ;  whiUt  the  jointe  which  intersect  it  bear  SO"* — 25** 

W.  of  N.— E.  of  S..  20'— 26*»  N.  of  E.— S.  of  W.,  and  40°— 46*»  N.  of  E 

8.  of  W.  respeetiyely. 

Two,  nearly  parallel,  lodes,  running  about  N.— 8.,  dipping  80^—86°  E.,  and 
averaging  from  two  to  three  feet  in  width,  have  been  wrought,  one  to  about 
eighty,  the  other  to  more  than  one  hundred  and  thirty,  fathoms  in  depth.  The 
shallower  parts  of  both  consisted  of  granular  quarts,  slaty-day,  and  earthy  brova 
iron-ore,  slightly  and  irregularly  sprinkled  with  iron-pyrites,  copper-pyritea, 
blende,  and  galena ;  but  beneath,  the  quarts  assumed  some  characters  of  hom- 
stone,  calcareous  matter  appeared,  and — at  interTals — the  lodes  were  rich  in 
galena,  which— differing  in  quality  on  opposite  sides  of  the  N.  erof«-iwta,— yielded 
from  0000746  to  0001201  iu  weight  of  siWer. 

Three  cross-veins,  all  bearing  about  E. — W.,  dipping  S.  60° — 70°,  and 
measuring  usually  from  one  foot  to  three  feet— in  one  case,  however  as  much 
as  eighteen  feet — in  width.    All  three  intersect  both  the  lodes;  but 

whilst  the  southernmost  crow-wm  1^^^  y^^^^  ^^  j^^^  towards  the  right-hand 
and  the  middle  „        J  (R.-R.A.). 

„  northernmost        „         heaves    „  „  „  left-hand 

(L.-E.A.). 
The  erosS'veins  consist  generally  of  slaty  clay,  mixed  with  granular  quarts, 
oalcareous-spar,  the  carbonate  of  iron,  and  iron-pyrites ;  but,  here  and  there, 
they  contain  masses  of  hornstone-quarts,  small  quantities  of  copper-pyrites,  and 
isolated  bodies  of  galena.  Between  the  severed  portions  of  the  easternmost 
lode,  at  a  depth  of  from  ninety-three  to  one  hundred  and  ten  fathoms,  however, 
the  northern  cross-vein  afforded  single  crystals  of— but  slightly  argentiferous— 
galena  imbedded  in  large  Ininches  of  vitreous  silver ;  crystalline  granules,  some- 
times of  ruby  silver  (ptfrargf/ritej,  and  yet  more  frequently  of  vitreous  stiver, 
sprinkling  crystals  of  quartz  and  of  calcareous  spar,  in  numerous  small  (vughs) 
cavities ;  and  earthy  black  silver-ore  investing  as  well  crystals  of  galena,  as 
flakes  and  threads  of  native  silver.  This  spot  yielded  304*7743  tons  (Avoir,)  of, 
more  or  less,  argentiferous  galena;  which — ^ranging  in  price  from  £1:7:6  to 

(£2  :  14  :  0  per  lb.)  £6,048  per  ton— realised,  in  1861—3,  £22,501  :  8  :  6. 

» 

Salmon,  Mining  and  Smelting  Magasine,  ix.  pp.  78 — 83,  Fig.  2,  3,  4.  Webb 
ft  Oeacb,  History  and  Progress  of  Mining  in  the  Caradon  and  Liskeard  Distrietf 
pp.  18-24,  Fig.  I. 

Ante,  pp.  120—1,  Note. 
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Kectangular  impressions  occur  on  quartz  in  some, 


The  following  columns— compiled  by  John  Taylor,  Esq.,  Purser  of  Wheal 
Ludeottt  {torn,  accounts  kept  at  the  mine,— show  the  quantities  of  ore  obtained 
from  the  northemmoat  cross-win, — proportions  of  slWer  and  of  lead  contained 
in  the  ore, — the  prices  at  which  the  several  parcels  were  sold, — and  the  proceeds 
of  each  sale. 


Date. 

Weight  (Ao.) 
of  ore. 

Proportions  of 

Price  per  {Av.) 
ton. 

▲moant. 

tons.  cwt. 

qrs.  lbs.  1 

saver. 

Lead. 

£     a. 

d. 

£      s.    d. 

1861 

Sept.  27th 

2  19 

3 

0 

0037026 

0202500 

290  14 

6 

868  10     9 

>f 

9     2 

3 

0 

— 

— 

47    6 

0 

431  17  10 

Not.  13th 

9  18 

0 

0 

— 

-^ 

22  14 

3 

223  17    6 

1862 

Jan.     4th 

23    3 

3 

0 

.-. 

— 

2    0 

6 

46  18     8 

13th 

1     0 

0 

0 

0  073401 

0175000 

694    0 

0 

694    0    0 

Feb.  22nd 

1     4 

2 

0 

0067449 

0112500 

652  10 

0 

799    6    3 

March  Ist 

13    5 

0 

0 

0*003265 

0081250 

25    7 

6 

336    4    4 

22nd 

10    0 

0 

0 

0000612 

-~ 

1     7 

6 

13  15    0 

27th 

2    0 

0 

0 

0048513 

0137500 

457    4 

0 

914    8     0 

April    3rd 

1     2 

0 

0 

0025423 

0-375000 

235    0 

0 

258  10    0 

9th 

1  18 

2 

0 

0*033554 

0137500 

367    6 

6 

707     1  10 

»f 

13    0 

1 

0 

0004635 

0*075000 

33  15 

0 

439    3    0 

May   10th 

3  10 

3 

8 

0041866 

0016250 

378    0 

0 

1,338  10    6 

June    6th 

20    0 

2 

0 

0-004548 

~. 

31  15 

0 

635  15  10 

July      1st 

3  14 

2 

10 

0050146 

0137500 

464    0 

0 

1,730    9    4 

» 

3  12 

0 

0 

0-007959 

0400000 

80  15 

0 

290  14    0 

Aug.  18th 

1     1 

1 

23 

0-095977 

0-237500 

878    0 

0 

941  17    9 

It 

3  14 

1 

11 

0039388 

0112500 

380    7 

0 

1,413  18    3 

»• 

25    4 

1 

0 

0004373 

— . 

34    2 

6 

860    7    6 

Oct.     6th 

8  18 

3  22 

0042274 

0131250 

382    0 

0 

1,507  17    6 

>t 

1  12 

1 

20 

0  018512 

0*306250 

116     1 

6 

188    4    0 

»f 

32  19 

1 

0 

— . 

— 

9  12 

0 

316    8    9 

MoY.  25th 

1    0 

3 

7 

0048338 

0-156250 

422  10 

6 

439  13    9 

If 

5    7 

3 

8 

0022158 

0*137500 

224  10 

6 

1,210    8    6 

*t 

23    8 

0 

0 

0001633 

m^ 

10     1 

0 

235    3    4 

1863 

Jan.     5th 

7     2 

2 

0 

0036152 

0137500 

343  16 

6 

2,449  15    0 

t> 

6    7 

1 

18 

0006006 

0*125000 

63  14 

6 

405  19     2 

tt 

19    9 

3 

0 

0001166 

— . 

10    2 

6 

197    6    2 

AprU   6th 

4  11 

2 

6 

0025423 

0*106250 

223    9 

0 

1.022  17    7 

•1 

3    7 

1 

21 

0*003265 

— . 

35    0 

0 

118    0    3 

» 

21  18 

3 

0 

0  001633 

_ 

9  10 

6 

208  19    0 

ft 

0    0 

2 

27J 

—  a 

— 

6,048    0 

Oa 

226    2    6 

>t 

0    0 

2 

18! 
21 

—  » 

— 

4,592    0 

05 

152  14    6 

If 

0    0 

1 

—  c 

— 

4,986    0 

Od 

67    6    1 

If 

0    2 

8  20 

-.4 

— . 

1,568    0 

Od 

229  12    0 

July  13th 

4  14 

0 

0 

0010262 

0150000 

93  15 

0 

440  12    6 

fi 

18  19 

3 

0 

0  001253 

* 

7    6 

6 

139     1    7 

Totals.. 

304  15 

1 

26|« 

£22,501  8  6e 

Mean  .. 

a  •  • 

MM    ■  a 

'£73*16* 

8 

w 

•  •     WW 

b     8 


14 
1  ; 


0  per  lb.  {Avoir,), 


tt 


•  '*  IMl . .    18  tone  S  evt.  S  qr».  Tslue  £\  ,900 
14   ..    0  ..  5,6S8 


1808..  183 
1809..    80 


tt 
>f 


992 


10 


t> 


tt 

tt 

ti 


£2\fiSi  :   8  :  8 


«  £8  :  4  :  0  per  lb.  (iteeir.). 

d    0  :  14  :  0     „  „ 

8:7)  CHcHT,  Memoin  of  tko  Oeol,  Suhm^ 
of  Great  BritOtan  (Mineral  Statle- 
tlet),  for  1861,  p.4p;  1868,  p.  80; 
1808,  p.  45. 


IS  :  9  M 
0  :  4)  1 
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and  casts  of  hexagonal  pyramids  on  iron-pjrrites  in 
other,  parts  of  the  lode ;  but  the  substances  to  which 
they  owe  their  origin  have  disappeared. 

Many  parts  of  both  lodes  enclose  thin  (horses)  slices 
of  rocky  which  take  the  same  directions  and  dips  as  the 
branches  on  either  hand  ;  *  but,  at  the  same  time,  are 
of  identical  composition,  and  jointed  and  cleaved  uni- 
formly, with  the  immediately  contiguous  (Country) 
strata.  These  included  masses  are,  perhaps,  as  often 
sharply  defined  as  they  are  transfused  with  siliceous 
and  calcareous  matter;  in  both  cases  they  are  occa- 
sionally penetrated,  from  either  side,  by  slender  strings 
of  the  vein-stones. 

The  metalliferous  portions  (or  leaders)  are,  now  and 
then,  separated  from  the  containing  (Country)  rocks 
on  either  of,  or  on  both,  their  sides  by  bodies  of 
breccia ;  f  in  which  a  nucleus  of  quartz  occasionally 


•  <*  At  the  80  fathoms  level  Qn  W%eal  Mary  Ann[  the  lode  ii  divided  Into  two 
parts,  one  part  runs  towards  and  enters  the  eWan  on  the  E.  side,  while  the  main 
part  of  the  lode  traverses  the  W.  side  of  it,  and  still  preserves  the  regular 
underlie." — Gilbb,  CormoaU  Creol,  Trans,,  tiz.  p.  206. 

t "  Connected  with  the  [Menheniot]  lodSf^tLnd  forming  as  It  were  a  transition 
between  it  and  the  adjoining  rock,— is  a  mass  of  angular  pieces  of  slate,  ee> 
mented  by  quarty,  which  is  often  crystalline,  and  sometimes  presents  small 
cavities  lined  with  minute  crystals.  This  breeciated  structure, — locally  called 
cigtel  or  cab, — seldom  extends  more  than  four  or  five  feet  from  the  hde, — never 
contains  much  lead-ore, — and  is  rather  more  common  on  the  western  or  lower 
side  of  the  lode  than  on  the  eastern.  The  lamination  of  the  schistose  portions 
of  this — apparently  fragmentary— -deposit,  approximates,  though  with  some  ex- 
ceptions, that  of  the  contiguous  slate-rocks.  Contrary  to  the  prevailing  opinion 
respecting  a  similar  structure  in  copper  districts;  it  is,  throughout  the  lead- 
mines  of  the  neighbourhood,  considered  a  favourable  indication." — Hbnwood, 
Rtporti  of  the  Royal  Institution  of  Cornwall,  xzziii.  (1861),  p.  42. 

At  Herod*s-foot  the  lode  stoped  above  the  127  fathom  level  *<  is  exceptionally 
rich.  *  *  *    In  one  part  [the  galena  is  of  a  large  grain  not  rich  for  silver. 
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seems  imbedded  in  slate,  but  far  more  frequently — for 
the  most  part  indeed — angular  masses  of   slate  are 
enveloped  in  successive— not  uncommonly  as  many  as 
six — accretions  of  quartz,  each  distinguished  by  some 
peculiarity  of  arrangement  or  hue,  and  all  of  more  or 
less  radiated  structure.*    These  included  kernels  are 
of  widely  different  dimensions ;   many  being  micro- 
scopic,— great  numbers  measuring  less  than  a  quarter 
of  an  inch, — but  few  exceeding  two  inches.    In  many 
cases  they  are  highly  siliceous;    and  thin  lines  of 
quartz — at   times  slightly   mixed  with  either  iron- 
pyrites  or  galena — intersect  or  interlie  the  laminae. 
The  planes  of  their  cleavage  are  approximately — but 
not  always  exactly — parallel ;  of  jointed  arrangement 
they  afford  no  trace.     Small  cavities,  studded  with 

bnt  [within  a  short  distance]  it  suddenly  changes  to  a  rery  fine  grained  ore 
highly  argentiferous,  making  in  a  brecciated  lode,  yery  similar  altogether  to  the 
rich  lead  ore  found  in  the  Ooginan  district  in  Cardiganshire.  *  *  * 

'*  At  Wheal  Mary  Ann  the  lode  south  from  Pollard's  shaft  at  the  172  [fathom 
lerel]  consisu  of  1|  feet  wide  of  capeU  and  1  foot  of  fluor-spar  with  a  little 
carbonate  of  lime.  *  *  *  North  of  Pollard's  [at  the  same  leyel]  the  lode  is 
4  feet  wide  composed  of  carbonate  of  lime  and  fluor-spar  worth  6  cwt.  of  ore 
per  fathom,  with  2  feet  of  capeU  on  the  west  side." 

Salmon,  Mining  and  SmeUtng  Magazins,  n.  pp  215, — 21. 

*  **  When  the  forces  of  cohesion  and  adhesion  are  nearly  balanced,  as  in 
saturated  solutions,  yery  slight  causes  may  occasion  the  cohesion  to  preponderate ; 
and  when  once  this  force  has  been  set  in  action,  its  influence  spreads  rapidly 
throughout  the  mass.  *  *  *  Thus,  the  dropping  in  of  a  similar  crystal,  the 
insertion  of  a  thread,  or  of  a  wire,  or  of  a  piece  of  stick,  if  not  sufficient  to 
cause  sudden  crystallisation,  will  generally  determine  the  spot  upon  which  the 
crystals  are  first  formed,  especially  if  the  foreign  body  or  nucleus  be  rough  and 
irregular  in  its  outline/*— Hillbb,  Elements  of  Chemistry,  I.  p.  119. 

*' When  a  supersaturated  saline  solution  *  *  *  suddenly  becomes  solid  on 
cooling*  •  *  it  will  be  found  that  crystallisation  has  been  promoted  by  a  minute 
speck  or  point  at  some  part  of  the  [containing]  tube,  and  from  this  point,  as 
from  a  centre,  proceed  fine  crystalline  needles  radiating  in  all  directioils." 

ToMLiNBON,  Proceedings  of  the  Royal  Society,  xvix.  p.  247. 

5f 
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minute  botryoidal  concretions  of  agatine  stractare, 
encrusted  with  crystals  of  quartz,  and  sprinkled  with 
the  carbonate  of  iron  and  calcareous  spar,  occur  in  all 
parts  of  these  remarkable  deposits.* 

Towards  the  S.,  in  Wheal  Mary  Ann,  and  through- 
out South  Wheal  Trelawny  which  adjoins,  as  well 
as  between  the  (N.)  old  mine  and  the  (S.)  new  at 
Herod* s-foot^  the  lodes  are,  respectively,  represented 
by  mere  hunches  and  short,  narrow,  strings  of  slightly- 
metalliferous  vein-stone.f  These  mostly  follow  such 
joints  as  maintain  the  normal  directions  of  the  lodes  ; 
but  they  rarely  affect  parallel  portions  of  proximate 
joints.    Wherever  such  small  isolated  masses  of  metal- 

•  TabUi  XXVIL,  XXVIIL,  XXIX. 

t "  The  nature  of  the  broktn  or  tlidy  ground  met  with  in  connection  with  the 
lead  lodes  of  this  district  is  yeij  remarkable,  and  well  worthy  of  attention— for 
it  seems  to  hold  all  through  the  district,  being  equally  met  with  at  Mary  Ann  as 
at  Herodsfoot.  The  whole  strata  seem  broken  up  by  a  succession  of  disturb- 
ances, of  a  nature  between  cross-courses  and  slides.  They  are  generally  called 
tlides  in  the  district,  although  they  are  not  slides  in  the  proper  meaning  of  the 
word  as  used  in  West  Cornwall ;  but  neither  are  they  exactly  cross-courses. 
This  broken  ground  generally  extends  for  a  considerable  width,  shattering  and 
indeed  obliterating  the  lodes  to  a  great  extent ;  although  now  and  then  deUched 
pieces — sometimes  rich — are  found  in  it.  In  Herodafoot  it  shortens  in  depth, 
as  in  my  experience,  I  have  found  to  be  almost  invariably  the  case  in  broken 
channels  of  ground  of  this  kind.  *  *  *  [Under]  the  hopeful  counsels  of 
Captain  TrcTillion  the  broken  ground  has  been  passed  through,  and  what  is  to 
all  intents  and  purposes  a  new  mine  has  been  opened  out  south.  4t  *  It 

[At  Wheal  Mary  Ann]  "  the  great  run  of  alidy  ground  which  cuts  off  the  lode 
southward  *  *  «  is  very  similar  to  the  broken  ground  in  Herodsfoot  «  «  * 
The  first  effect  on  the  lode  of  the  approach  of  this  slidy  ground  is  that  it  is 
thrown  to  the  right  with  a  bearing  W.  46^8.  After  the  slidy  ground  is  inter- 
sected the  lode  is  not  again  teen,  although  the  110  fathom  level  has  been  driven 
considerably  S.,  £.,  and  W.  Some  branches  were  more  than  once  met  with, 
but  they  soon  disappeared  again,  and  for  the  present  the  trial  is  suspended." 
Salxozt,  Mining  and  SmeUing  Magatine,  IL  pp.  213—14,-21 — 2. 

Webb  ft  Oeach,  History  and  Progress  of  Mining  in  the  Caradon  and  Liskeard 
District,  pp.  17,  27. 
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liferous  matter  occur,  they,  and  the  rocks  which  con- 
tain them,  are  traversed  by  numberless  small  (flucans) 
veins  of  slaty  clay.  In  Herod' s-foot  the  works,  at 
different  depths,  were  extended,  from  thirty  to  forty- 
five  fathoms,  through  a  deposit  of  this  kind,*  before 
the  lode  which  had  dwindled,  towards  the  S.  in  the 
old  mine  was  recovered  in  the  N.  of  the  new.  And 
at  Wheal  Mary  Ann  and  South  Wheal  Trelawny  a 
still  greater  distance  has  been  laid  open  *  but,  hitherto, 
without  success. 

(c)  The  crosS'Veins '\  observed  in  this  neighbour- 
hood have  the  undermentioned  directions,  dips,  and 
dimensions : — 


Names. 

Wheal  Trelawny  fttican 
Whe<il  Mary  Ann    „ 
Uerod't-foot 


»» 


DireetioDt. 

32°— 37*»  S.  of  E.— N.  of  W. 
22°— 28°  S.  of  E.— N.  of  W. 
20°— 26°  E.  of  N.— W.  of  S. 


Dips. 

S.W.60°— 60° 
N.E.  40°— 60° 
N.W.  60°— 60° 


SlsMffeet. 

0  6—1-5 
0-2-1-0 
30—40 


*  At  Herod'9'fooi this  broken  ground  dipped  towards  the  N. 

,f  Wheal  Mary  Ann    .  •  „  „  S. 

Bajmov,  Mining  ^  Smelting  Magazine,  ii.  p.  212,  Fig.  1 ,  p.  219,  Fig,  2. 

t  **  The  [Menheniot]  letid-lode  is  intersected  by  t'no  flueans;  the  northern  of 
them  in  Wheal  Trelawny  bears  about  10°  S.  of  E.,  and  dips  8.  60°— 60°;  the 
southern  of  them  in  Wheal  Mary  Ann  bears  about  S.E.  &  N.W.,  and  dips  N.E. 
40° — 60°.  The  Wheal  Trelawny  Jluoan  varies  from  six  to  eighteen  inches  in 
width,  but  the ^ucon  at  Wheal  Mary  Ann  seldom  attains  a  breadth  of  six  inches; 
both  consist  of  claj  identical  in  composition  with  the  rocks  in  contact ;  and 
frequently  the  Jhtcane  exhibit  traces  of  schistose  structure,  exactly  correspond- 
ing with  that  of  the  adjoining  slate,  of  which  they  are  in  fact  merely  softer 
portions.  «  •  *  Thus  the  /loeb  has  the  direction  of  the  barren  veins  in  other 
districts,  and  the  flucane  agree  in  their  bearings, — the  one  with  the  lodes  and 
the  other  with  the  caunter^lodee  in  other  parts  of  Cornwall." 

Henwood,  Report  of  the  Royal  Institution  of  Cornwall,  xxxiii.  pp.  42—3. 

<*  At  Wheal  Mary  Ann  the  lode  in  the  172  fathom  level  is  disturbed  by  a  slide 
which  has  been  seen  in  the  upper  levels  and  dips  north." 

Salmon,  Mining  and  Smelting  Magazine^  ii.  p.  220. 

**  At  Trelawny  the  lode,  except  where  disordered  by  the  slide,  of  which  there 
are  two,  is  productive  throughout  a  linear  distance  of  600  fathoms.  4t  *  * 
North  of  Trehane  shaft  a  slide  comes  in  obliquely,  and  heaves  the  lode  a  little 
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Thus,  whether  both  series  of  lodes  be  rich, — as  they 
are  at  Lake  Superior*  and  at  Bearhaven;'\  or  the 
veins  of  one  system  be  productive  and  those  of  the 
other  be  barren, — as  at  Chalanches  %  and  throughout 
Cornwall  §  generally ; — such  of  them  as  range  trans- 
versely and  obliquely  incline  at  lower  angles,  than 
those  which  are  more  nearly  parallel,  to  the  meridian. 

Where  the  cross-veins  of  this  region  traverse  beds 
and  masses  of  felspar  and  hornblende  their  chief  in- 
gredients are  felspathic  and  hornblendic  matter ;  but 
when  intersecting  schistose  rocks  they  consist  of  slate 
and  slaty-clay,  the  same  planes  of  cleavage  being 
common  to  them  and  to  the  strata  which  form  their 
(walls)  sides.  All  parts  of  them  are,  more  or  less, 
spotted  and  veined  with  siliceous  matter ;  whilst  the 
laminated  portions  are  also  conformably  interlaid  by 
thin  folisB  of  quartz. 

The  cross-veins  always  intersect  the  lodes  they  en- 
counter,||  but  do  not  invariably  heave  them  either  to 
the  same  hand  ^  or  towards  the  same  angle ;  thus, — 


to  the  right."— Wbbb  &  Gbaoh,  History  and  Progreu  of  Mining  in  the  Caradtm 
tmd  Litkeard  District,  p.  87. 

•  Ante,  p.  408.        f  Ihid,  p.  808.        t  ibid,  pp.  526—7. 

i  Henwood,  Cornwall  Qeol.  TVoim.,  ▼.  pp.  247,-77 ;  Ante,  pp.  675,-82,704, 
—11. 

I  **  The  Wheal  JVolawny  fluoan  heaoet  the  lode  different  distances  (yarying 
Arom  two  to  twelve  feet)  at  different  levels,  but  always  towards  the  left-hand,  and 
to  the  side  of  the  greater  angle;  the  WTteal  Mary  Ann  Jlucan,  which  in  some 
places  merely  dlrides  the  lode  without  displacing  it,  in  others  heaves  it  about  two 
feet  towards  the  right-hand,  and  to  the  side  of  the  smaller  angle." 

Hbnwood,  Reports  of  the  Royal  Institution  of  ComwtM,  xxxiii.  p.  43. 

Y  Thomas,  Survey  of  the  Mining  District  between  Chasewaier  and  Camboms, 
p.  22;  ilnte,  p.  183,  Note  t 
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tbe  Whtal  TrdtmmwJiMean  hsmet  the  todt  to  the  left-hand/  and  towards  the  smaller  angle* 

(L.  B.A.) 

»,  Wksal  Mary  Ann    „  „   the  same  I     ,,  right-,,,*  „  smaller  angle* 

lodt)  (R.8.A.) 

„  HgrotP9-foot  „  „     the  lode       „  right-  „  ,*  „  greater  angle  * 

(R.G.A.) 

Nor  are  the  heaves  of  the  same  lode  by  the  same 
cross-vein  uniform  at  di£ferent  depths ;  f  for — 
the  Meoheniot  lode  at  its  contact  with 

the  Wheal  Trelawny  flucan,  Wheal  Mary  Annflucan, 

about  30  fms.  deep  is  heaved  12  feet,  — 

,,    76    „      „        —  ...     IB  heaved  3  feet, 

„     88    ,,       „        —  ...     ,,  Biinply  intersected. 

Moreover,  the  deeper  part  of  the  lode  at  Wheal 
Trelawny  is  intersected  by  at  least  one  cross-vein 
which  has  not  been  recognized  near  the  surface.;]: 

a 

At  Wheal  Mary  Ann,  water  drawn  from  the  mine, 
deposits  in  the  steam-boilers  troublesomely  large  in- 
crustations of  the  sulphate  of  lime.§ 

From  Wheal  Trelawny  on  the  N.,  and  Wheal  Mary 
Ann  on  the  S.,  the  ground  slopes  gently  to  a  broad, 
shallow  valley,  which  crosses  the  lode  at  nearly  right- 

*  Hen  wood,  ComwaU  GeoL  Tram.,  t.  pp.  316 — 28. 

t  Ibid,  pp.  306—14.    Ante,  p.  685. 

X  **  In  West  Whetd  Virgin,  Poldory,  and  Wheal  Squire  innumerable  small 
flmcana  extend  but  a  ^ew  fathoma  in  either  direction,  and  occasion,  as  it  were 
rents  in  the  middle  of  the  lodee,  but  neither  rise  to  the  surface,  nor  descend  to 
very  great  depths.  Their  results  may  be  compared  to  rents  in  the  middle,  but 
which  do  not  reach  to  the  edges,  of  a  piece  of  cloth. — "Hbnwood,  ComwaU 
Geol.  Trana,,  xxi.  p.  329;  y.  pp.  89,  381.    Ante,  pp.  226,-87. 

§  "  At  BoiaUaek  eels  thrive  as  well  in  pools  (tinke)  underground  as  in  the 
stream  pumped  out  of  the  mine  into  the  engine-pond  at  the  surface ;  in  both 
cases,  howevefi  the  water  may  possibly  be  more  highly  charged  with  sea,  than 
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angles.*  At  Heroes-foot^  on  the  contrary,  the  lade 
runs  nearly  parallel  to  the  valley  of  the  Duloe, 
though  at  considerable  angles  to  some  of  its  tributary 
glens. 

When  the  Ordnance  Geological  Survey  was  made 
(in  1839)  the  mineral  riches  of  Menheniot  were  as 
yet  unknown. 

The  produce  of  the  several  mines  and  the  numbers 
of  work-people  employed,  as  well  as  the  power  of  the 
steam  and  water  machinery  in  use,  at  each  of  them 
respectively  in  the  year  1851,  are  shown  on  a  sub- 
sequent page. 


with  metallio,  lalt."—  Stbphbit  Habtit  Jamm,  Es^,  Ptmer  of  Uie  Mine,  MS. 
Ante,  pp.  354^5,  639,  Note  *  • 

*  **  The  surfaces  of  many  of  the  most  prodactive  mines  are  intersected  hy 
depressions.  %  %  %  The  directions  of  these  sometimes  coincide  with  those  of 
the  lodes,  as  at  GoMpMn,  the  ConeoUdaled  Minee,  Eatt  Crennie,  &c. ;  bat  they 
rather  more  frequently  form  considerable  but  Tarying  angles,  as  in  Herkmd, 
Doleoaih,  Wheal  Tolffua,  Wheal  Towan,  Wheal  Leietsre,  Wheal  Friendeh^,  ftc." 

Hbnwood,  Cornwall  Geol.  Trans,,  y.  (1843),  p.  233. 

*'  The  forms  of  the  Cornish  hills  and  ralleys  hare  originated  in  a  great  measure 
from  the  structure  of  the  rooks."— Boabs,  Ibidt  it.  p.  432. 

'*  From  St.  Lcran  to  Ludgvan  the  courses  of  thirty  valleys  on  the  south  coast 
and  of  eighteen  on  the  north  coast  •  4k  4k  run  in  the  direction  of  the  joints. 
4s  4s  4s  We  may  therefore,  with  much  probability,  infer  that  the  valleys  have 
been  formed  along  the  line  of  joints,  and  that  the  joints  existed  before  the  Talleys 
were  excavated :  thus,  the  joints  governed  the  direction  of  the  early  water-courses, 
— became  enlarged  to  ravines,— >and  then  to  open  valleys." 

Whitlbt,  IMd,  m.  p.  360. 

*'  A  marked  feature  in  the  ore-bearing  district  of  [Breage]  is  the  peculiar 
system  of  valley-formations  4s  4s  4t  but  nowhere  is  it  more  plainly  seen  than  at 
Wheal  Yor.  The  figure  of  the  valley  is  that  of  a  main  trunk  with  lateral 
branches  having  definite  rounded  terminations,  and  each  having  had  a  small 
streamlet  fed  by  a  spring  issuing  near  its  extremity.  Near  the  summit  of  these 
hollows,  the  outcrop  of  the  mineralised  portion  of  the  productive  lodes  has  been 
found." — FsANCis,  Reports  of  the  Royal  Comtoall  Polytechnic  Society,  xxxvr. 
(1868),  p.  20. 
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From  1844  to  1868 — 9  the  undermentioned  profits 
have  been  made  in  the  district;  viz. — 

at  Wheal  Trelawny  ♦ £56,914 

Wheal  Mary  Ann  f    66,686 

Herod's'foot  %     ,.        49,848 

£172,347 

As  the  mines  are  wrought  in  a  rich  agricultural 
district,  heaps  of  rubbish  from  them  abut  on  some  of 
the  most  fertile  and  best  cultivated  land  in  Cornwall. 

*  WhMl  Trelawny^ 

T  ^wi".!  T^:.  11*6$:  ( p'«>"'«^ "- ""«"  "'•^^-  •  •  •  **«*•»"• 

and  afforded  a  profit  of 56,914. 

Jahbs  Cock,  E8a.>  Puner  and  Aoeountant  of  the  Mine,  MSS. 
t  Wheal  Mary  Ann, 

During  which  period  the  working-expenses  (salaries,  >   £353  1  aa 

wages,  tools,  &c.)  amounted  to  (  ' 

„  Royalties  ('DuM^  „  36,098 

„  Profits „  65,685 

£454.788 

W.  G.  Nbttlb,  £sa.»  Puraer  and  Accountant  of  the  Mine,  MSS. 

X  Herod*8'/oot, 

from  the  Ist  of  Not.,  1847, )  „^„  ^  ^^  -.  ^-  ^,   „,  ^.  ^^a 

to      „  3Ut  „  Oct.,  1859,  {  »*^«  *  P'^^**  °'  *^°"*    ^^'^^ 

from   „    1st  of  Not.,  1859, 1  Aflojo 

to      „  28rd  „  April,  1869,  J  •»  ' *®»***^ 

£  49,848 
Thomas  Trbvillxon,  Esq..  Manager  and  PurBcr  of  the  Mine,  MSS. 

At  Ltidcott  ^  Wrey  ConeolidaMd  Mines  (Ante,  p.  710>, 

from  1852  to  1865  the  amount  of  capital  expended  was £21,388 

„  „    the  lead  and  siWer  ores  obtained  were  sold  for     101,298 


£122,686 
During  which  period  the  salaries  and  wages  amounted  to    £63,835 
„  tools  A  machinery  „  37«749 

„  Royalties  fZ>iie«^  „  8,022 

„  Profit  divided  amongst  J  .,  q,.^   #;i90Aftft 


JoHir  Tatlor,  Ssa.,  Puraer  of  the  Mines,  MSS. 
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The  foregoing  pages  supply  descriptions^— in  greater 
or  less  detail— of  more  than  one  hundred  and  thirty 
mines,  together  with  comparisons  of  the  conditions 
under  which  the  various  metals  and  ores  occur  in 
them;  but — inasmuch  as  the  chief  purpose  of  this 
enquiry  is  to  render  the  experience  gained  in  one 
country  practically  useful  in  another — theoretical 
speculations  have  been  cautiously  avoided. 

That  important  parts  of  many  mines  have  not  been 
described,  and  that  various  questions  of  interest  have 
not  been  followed  to  their  solution,  is  owing  to  no  dis- 
regard of  one  or  other ;  but  that  the  ruinous  condition 
of  ancient  works  or  the  want  of  exploratory  operations 
in  the  former  case,  and  the  necessity  for  considering 
economic,  rather  than  abstract,  subjects  in  the  latter, 
have  narrowed  the  field  of  enquiry. 

Frequent  references  have  been  made  to  the  observa- 
tions of  earlier  labourers'*  in  the  same — and  other 
similar — districts;  these,  however,  have  been  some- 
times abridged;  but  in  every  such  case  scrupulous 
care  has  been  taken  to  preserve  the  exact  purport  of 
the  original.f 

Notwithstanding  certain  subjects  treated  of  are  but 
slightly,  if  they  are  at  all,  connected  with  geological 


*  Of  these  important  atatementa  a  few  were  unfortunately  orerlooked  during 
the  preparation  of  parts  of  the  work  to  which  they  would  hare  been  most  appro- 
priately quoted :  in  most,  if  not  in  alli  such  instances,  however,  they  have  been 
subsequently  introduced,  where — though  less  apposite ->they  wiU  still  be  found 
illustratiTe. 

t  All  foreign  weights  and  measures  have  been  reduced  to  their  English 
equivalents. 

5a 
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research,  the  relations  they  bear  to  the  history,  pro- 
gress, and  economy  of  Mining,  may,  perhaps,  account 
for  their  appearance  here. 

I  now  offer  my  grateful  acknowleclgements  to  the 
Noblemen  and  Gentlemen  who  have  afforded  me 
opportunity  for  examining  the  mines  I  have  attempted 
(o  describe;  and  my  warmest  thanks  to  the  Mine- 
Agents,  Miners,  and  other  friends,  to  whose  kind 
assistance  and  judicious  advice  I  have  been,  on  every 
occasion,  so  greatly  indebted.  My  obligations  to  some 
have  been  far  greater  than  to  others ; — but  I  fear  to 
particularize  any,  lest — by  unintentional  omissions — 
I  may  give  pain  to  some  who  most  deserve  my 
gratitude. 


W.  J-  KENWOOD, 


3,  Clarknce  Place,  Penzance, 
1858,  November  16th. 
1869,  OcToBEB  28iu>. 
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